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I. Real Party in Interest 

The real party in interest is E. A. Fischione Instruments, Inc, which is a 
Pennsylvania corporation with a principal place of business at 9003 Corporate Circle, 
Export, PA 15632. EA. Fischione Instruments, Inc. is the assignee of the above- 
referenced patent application. 

II. Related Appeals and Interferences 

There are no appeals or interferences related to this application. 

III. Status of Claims 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121 and 124-164, are 
currently pending in this application. Of the above claims, 152-157 have been withdrawn 
from consideration. Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 
124-135, 137-151 and 158-164 stand rejected, and claim 136 has been objected to. 

IV. Status of Amendments 

All amendments presented in the case have been entered. 

V. Summary of the Claimed Subject Matter 
A. Brief Summary 

The present invention relates to an apparatus for preparing a specimen for electron 
microscopy. In order to be accurately viewed through the microscope, each specimen, 
typically a 3mm disk, is prepared from a substrate material, cleaned, and then optionally 
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prepared by treatment of the surface to aid imaging. In the prior art, these operations are 
conducted by separate pieces of equipment and the specimen is transferred therebetween. 
Transfer of the specimen in ambient air conditions permits recontamination of the 
specimen as well as an opportunity for physical damage. The instant invention was 
developed to provide a closed environment for all of the preparation steps to be 
accomplished under constant and controlled conditions. Optimally, the specimen is 
placed within a device under vacuum conditions which remain constant for all of the 
operations. Repeated creation and release of vacuum is both inefficient and potentially 
deleterious to the condition of the specimen. One significant challenge to accomplishing 
this combination under constant vacuum and within a single vacuum chamber is the 
potential interference of one process with the others within the device. 

The processes which are included within the device and which are performed 
within a single vacuum chamber include plasma cleaning, ion beam and plasma etching 
and ion beam sputter coating. Plasma cleaning requires that a plasma generator be 
connected to the vacuum chamber for plasma cleaning the specimen, an ion source must 
be connected to the vacuum chamber for etching the specimen, and a plasma etching 
assembly must connected to the vacuum chamber for plasma etching the specimen. The 
coating is performed using ion beam sputter coating techniques where an ion beam is 
directed at a target formed of a conductive material. The apparatus may further include a 
source of process gas connected to the plasma tube which may include oxygen or oxygen 
mixed with a non-reactive gas such as argon. 

An additional challenge in achieving the multi-step processing described above is 
the movement of the specimen through the successive stages (or stations) within the 
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device. Many, if not all of the processing steps require the knowledge of the precise 
location and orientation of the sample so that accurate etching or coating thereof may be 
achieved. Recalling that the purpose of this preparation is for eventual imaging in an 
electron microscope, accuracy must be achieved to an extremely high level of precision. 
The claims therefore include, independently, a positioning device which is adapted to 
precisely locate and align the specimen in a three dimensional space. Each of the claims 
requires the use of a beam to locate an accurate, fixed position in three dimensional space 
from which all relative motion and displacement of the specimen may be calculated. 



B. Direct Mapping of Independent Claim Elements to Specification 

A direct mapping of the elements of the independent claims to the specification 
are as follows: 

1 . (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a plasma generator for plasma cleaning said specimen (Page 1 7, 
lines 14-24; page 20, line 4 - page 23, line 4); 

means for removing material from said specimen (Page 24, line 10 
- page 25, line 19); 

means for coating said specimen with a conductive material (Page 
23, line 5 - page 24, line 9); and 

means for plasma etching said specimen (Page 24, line 10 - page 
26, line 11; page 33, lines 5- 9) which includes the selective spatial isolation of 
said means for plasma etching said specimen and said specimen from said plasma 
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generator, said means for removing material and said means for coating said 
specimen when said means for plasma etching said specimen is operational (Page 
28, lines 11-18; page 34, line 22 - page 35, line 20); 

wherein said plasma cleaning of said specimen and said coating of 
said specimen may be performed in a single process chamber under continuous vacuum 
conditions (Page 33, line 22 - page 34, line 4 and generally throughout the specification). 

158. (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber (Page 17, lines 14-24; page 20, line 4 - page 

23, line 4); 

a sample stage, said sample stage being moveable to one or more 
processing positions inside said processing chamber, said processing position 
being defined by three dimensional coordinates (Page 26, line 12 - page 27, line 
8); and 

means for detecting a first position of a surface of said specimen 
within said processing chamber (Page 36, line 22 - page 37, line 18); 

wherein said sample stage is moved automatically to said one or 
more processing positions remote from said first position in any of three dimensions and 
at an angle relative to abeam impinging thereon (Page 36, line 5 - page 37, line 18 and 
generally throughout the specification). 
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161. (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber (Page 17, lines 14-24; page 20, line 4 - page 

23, line 4); 

a sample stage, said sample stage being moveable to one or more 
processing positions inside said processing chamber, said processing positions 
being defined by three dimensional coordinates (Page 26, line 12 - page 27, line 
8); and 

a beam generating device and a beam sensor supported by said 
processing chamber, said beam generating device and said beam sensor being 
used to detect a first position of a surface of said specimen within said processing 
chamber (Page 36, line 5 - page 37, line 18); 

wherein said sample stage is moved automatically to said one or 
more processing positions remote from said first position in any of three dimensions and 
at an angle relative to said beam generating device (Page 36, line 5 - page 37, line 18 and 
generally throughout the specification). 

VI. Grounds of Rejection to Be Reviewed on Appeal 

Applicants present the following concise statement of each of the grounds of 
rejection presented for review: 

A. Whether claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 121, 124- 
137 and 139-151 are indefinite under 35 U.S.C. § 112, first paragraph, for lack of 
written description. 
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B. Whether claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 
124-137, 139-151 and 158-164 are obvious under 35 U.S.C. § 103(a) over various 
combinations of Siebert, U.S. Pat. No. 4,858,556, Moslehi, U.S. Pat. No. 6,051,113, 
Mahler, U.S. Pat. No. 4,595,483, Miyoshi, U.S. Pat. No. 6,325,857, Ameen, et al., 
U.S. Pat. No. 6,143,128, Chang, et al., U.S. Pat. No. 6,434,814, Mitro, et al., U.S. Pat. 
No. 5,922,179, Kobayashi, et al., U.S. Pat. No. 5,340,460, Holland, U.S. Pat. No. 
5,311,725, Nomura, et al., U.S. Pat. No. 6,641,703, Chang, et al., U.S. Pat. No. 
6,434,814, Hurwitt, U.S. Pat. No. 3,756,939, and Baldwin, et al., U.S. Pat. No. 
6,419,802. 



VII. Argument 

A. Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 121, 124-137 and 
139-151 are not indefinite under 35 U.S.C. § 112, first paragraph, and 
are adequately supported by the written description in the 
specification. 

The Examiner states that there is no support for the phrase "selective spatial 
isolation of said means for plasma etching said specimen and said specimen from said 
plasma generator, said means for removing material and said means for coating said 
specimen when said means for plasma etching said specimen is operational." 
Specifically, the Examiner inquires as to what element isolates the means for etching 
from each of the devices. See Office Action dated May 6, 2010, page 2. Applicant has 
previously drawn the Examiner's attention to portions of the specification which 
discloses several examples of the isolation of the etching means from each of the other 
devices. See Applicant's response dated February 8, 2010, page 23. For example, the 
specification generally describes moveable shutters or baffles positioned in front of 
viewing window 200 and magnetron sputtering head 105 to "further protect from 
deposition of foreign material when not in use." See Specification page 28, lines 11-12. 

More specifically, the specification states: 
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"Moveable shutter 905 is provided within vacuum chamber 805 and is 
adapted to be moved, preferably automatically, to a position that covers 
aperture 900 when plasma cleaning is not being performed to protect the 
components of the plasma generator from contamination when the other 
specimen preparation processes described herein are being performed. 
Referring to Figure 11, when specimen 835 is to be plasma cleaned, 
sample stage 850 is moved, preferably automatically, to a position as 
shown in Figure 1 1 through operation of the appropriate stepper motors. 
In the position shown in Figure 11, specimen 835 is positioned adjacent 
aperture 900 and shutter 905 is moved to the open position." 



Specification, page 39, line 17 - page 40, line 3. Additionally: 

"[m]oveable shutter 945 is provided in vacuum chamber 805 and is 
adapted to be moved, preferably automatically, to a position that covers 
aperture 940 when plasma etching is not being performed to protect the 
components of RIE assembly 920 from contamination when the other 
specimen preparation processes described herein are being performed." 



Specification, page 41, line 21 - page 42, line 2 and see Figure 11. 

Figure 1 also shows a transfer rod 30 which accommodates one or more sub- 
mounted specimens 3. Transfer rod 30 moves back and forth between two separate 
chambers-plasma chamber 15 and etching and coating chamber 20. See Specification 
page 18, line 21 to page 19, line 1. 

Figure 6 illustrates an apparatus including two vacuum vessels 610 and 620. The 
port for specimen introduction and removal, the plasma generator and RIE electrode are 
located in vessel 610, while the ion gun and sputter target are located in vessel 620. The 
two vessels are joined by a shared valve 630, which serves to isolate and/or connect the 
two vessels. See Specification page 34, lines 5-15. The specification also describes an 
additional embodiment where the valve 630 is replaced by a moveable baffle that, when 
closed, blocks the line-of-sight travel between vessels 610 and 620. 
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Applicant respectfully asserts that specification provides sufficient description of 
the portion of the claimed apparatus responsible for isolating the means for etching from 
the other devices. The claims therefore satisfy the written description requirement of 35 
U.S.C. § 112, first paragraph. 



B. Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137, 
139-151 and 158-164 are not obvious under 35 U.S.C. § 103(a) over 
various combinations of Siebert, U.S. Pat. No. 4,858,556, Moslehi, U.S. 
Pat. No. 6,051,113, Mahler, U.S. Pat. No. 4,595,483, Miyoshi, U.S. Pat. 
No. 6,325,857, Ameen, et al., U.S. Pat. No. 6,143,128, Chang, et al., 
U.S. Pat. No. 6,434,814, Mitro, et al., U.S. Pat. No. 5,922,179, 
Kobayashi, et al., U.S. Pat. No. 5,340,460, Holland, U.S. Pat. No. 
5,311,725, Nomura, et al., U.S. Pat. No. 6,641,703, Chang, et al., U.S. 
Pat. No. 6,434,814, Hurwitt, U.S. Pat. No. 3,756,939, and Baldwin, et 
al., U.S. Pat. No. 6,419,802. 



1. Claim 1 



The Examiner's primary argument against patentability of Claim 1 and its 
dependencies combines Siebert, Moslehi, Mahler and Myosin. More specifically, Siebert 
is cited for teaching a means of removal of material and means for coating the specimen 
in a single process chamber. Reference is further made to an incidental statement of 
Siebert which states that other energy sources may be utilized in the apparatus. The 
Examiner admits that Siebert does not teach the inclusion of plasma cleaning, plasma 
etching, coating the specimen with conductive material or the selective isolation of 
portions of the device while plasma etching is in operation. The Examiner then cites 
Moslehi for plasma cleaning and coating. Mahler is cited for teaching coating the 
specimen and plasma etching under continuous vacuum conditions. Miyoshi is cited for 
teaching the use of a shutter to isolate an etching means. The Examiner concludes by 
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stating that it would be obvious to combine all of these references because Siebert 
"allows for performing process [sic] in a single chamber and protecting the other means 
from the etching device." 

The claimed invention requires that the plasma etching functionality be isolated 
from the other component functionalities of the device when said means for plasma 
etching said specimen is operational. As explained previously, this spatial limitation 
requires that the highly corrosive etching hardware be separated physically from the other 
functional devices. Applicant continues to contend that this is not taught nor suggested in 
the prior art. The Siebert reference does identify a shutter which rotates to expose the 
specimen to the appropriate operative hardware, and which is stated to provide additional 
substrate protection. However, no further disclosure is made and Fig. 7 merely identifies 
it as a standalone, line of sight shield between the various operative hardware and the 
specimen. Moreover, the testing or detection devices of the Siebert reference are still 
contained within the chamber with the specimen. The shutter is not shown to spatially 
separate the specimen and plasma etching mechanism from the other operative 
components. The Examiner relies on a single, nonspecific reference to other devices, 
"the sources 18 may be any of a number of different types of sources. . ." (col. 12, lines 
24-25) as the basis for linking two or three additional references to arguably find all of 
the elements of the claimed invention. 

KSR International Co. v. Teleflex Inc., 550 U.S. 398, 127 S.Ct. 1727, 167 L.Ed.2d 
705 (2007) disposes of the heretofore enunciated standard requiring a teaching, 
suggestion or motivation to combine references, in order to avoid improper hindsight 
reconstruction. Id. at 1742. The TSM standard has not been completely disavowed, 
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however. A flexible TSM standard has been approved by the United States Court of 

Appeals for the Federal Circuit, following the KSR ruling. 

[T]he Supreme Court advised that 'common sense' would extend the use 
of customary knowledge in the obviousness equation: 'A person of 
ordinary skill is also a person of ordinary creativity, not an automaton.' 
Id. Thus, the Supreme Court set aside any 'rigid' application of the TSM 
test and ensured use of customary knowledge as an ingredient in that 
equation. The Supreme Court observed that this court had also 'elaborated 
a broader conception of the TSM test than was applied in [KSR ]. Id. at 
1743. Specifically the Court referred to DyStar Textilfarben GmbH & Co. 
v. C.H. Patrick Co., wherein this court noted: '[o]ur suggestion test is in 
actuality quite flexible and not only permits, but requires, consideration of 
common knowledge and common sense.' 464 F.3d 1356, 1367 
(Fed.Cir.2006) (emphasis original). The Court suggested that this 
formulation would be more consistent with the Supreme Court's 
restatement of the TSM test. KSR Int'l Co., 127 S.Ct. at 1739. In any 
event, as the Supreme Court suggests, a flexible approach to the TSM test 
prevents hindsight and focuses on evidence before the time of invention, 
see, e.g., In re Rouffet, 149 F.3d 1350, 1357 (Fed.Cir.1998), without 
unduly constraining the breadth of knowledge available to one of ordinary 
skill in the art during the obviousness analysis. 

In re Translogic Technology, Inc., 504 F.3d 1249, 1260 (Fed.Cir. 2007). Pre- 

TSM courts utilize standards which are entirely consistent with this formulation. In re 

Fine, 837F.2d 1071, 1073-75 (Fed.Cir. 1988), states: 

To reach a proper conclusion under § 103, the decisionmaker must step 
backward in time and into the shoes worn by [a person having ordinary 
skill in the art] when the invention was unknown and just before it was 
made. In light of all the evidence, the decisionmaker must then detennine 
whether ... the claimed invention as a whole would have been obvious at 
that time to that person. The answer to that question partakes more of the 
nature of law than of fact, for it is an ultimate conclusion based on a 
foundation formed of all the probative facts ... It can satisfy this burden 
only by showing some objective teaching in the prior art or that 
knowledge generally available to one of ordinary skill in the art would 
lead that individual to combine the relevant teachings of the references . . 
. It is essential that 'the decisionmaker forget what he or she has been 
taught at trial about the claimed invention and cast the mind back to the 
time the invention was made ... to occupy the mind of one skilled in the 
art who is presented only with the references, and who is normally guided 
by the then-accepted wisdom in the art.' One cannot use hindsight 
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reconstruction to pick and choose among isolated disclosures in the prior 
art to deprecate the claimed invention (citations omitted). 

In this case, as in Ortho-McNeil Pharmaceutical, Inc. v. My lan Laboratories, Inc., 
520 F.3d 1358 (Fed.Cir. 2008), the references amply support a finding of 
nonobviousness. "The challenges of this inventive process would have prevented one of 
ordinary skill in this art from traversing the multiple obstacles to easily produce the 
invention in light of the evidence available at the time of invention." Id. at 1365. Siebert 
merely discloses the potential use of other sources. It contains no further disclosure, nor 
any separation therebetween. Figure 2 identifies the different sputter and ion beam 
sources as all interchangeable above a rotating shutter. The shutter itself is merely a 
movable shade to temporarily block the emissions of the source from the specimen. 
Miyoshi discloses a chamber which is utilized to prepare a reactive material for exposure 
to the specimen. The chamber is sealed by a movable shutter. The shutter is closed to 
allow the reactant materials to enter the chamber in a controlled environment. When the 
reaction has produced the appropriate products, the shutter is opened and the specimen 
is exposed to the material. The shutter is therefore utilized to encapsulate the reactive 
materials, not shield the specimen or other fixtures in the chamber. Contrary to the 
Examiners assertions, the shutter of Miyoshi would not function to isolate one means 
from another so that the different processes do not affect the functionalities of the other 
components. In the most recent office action, the Examiner has stated, on Page 8, 
"[Regarding isolating the etching means form[sic] the other means (claim 1), Miyoshi 
teach[sic] a shutter which isolates [sic] means from an etching means" (referring to 
column 9, lines 62-68 and column 10, lines 1-4. This specific reference to Miyoshi 
teaches that the shutter is utilized to shield the catalyzer holder 2 (the source) from the 
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operation of the cleaning device 5. The shutter 4 is utilized to shield the catalyzer 
(source) from the operation of the cleaner which is utilized to clean the interior of the 
chamber and specimen stage when the device is not in operational use to perform any 
etching, cleaning or coating of a specimen. Neither Siebert nor Miyoshi teaches or 
suggests that a shutter may be utilized to shield different reactive components or fixtures 
during the use of other source components within a closed vacuum chamber during the 
operation of a source on the specimen. This is not a case where one element has merely 
been substituted for another. 

A rote combination of the teachings of Siebert, Moslehi, Mahler and Miyoshi 
would not result in the claimed invention. The combination yields more than a 
predictable result, as required by United States v. Adams, 383 U.S. 39, 50-51 (1966), 
cited with approval by KSR. The claimed invention combines the heretofore disparate 
functionalities of plasma cleaning, etching with plasma and otherwise, and coating are all 
performed in the same chamber under continuous vacuum. This is especially true of 
plasma etching, which does not readily combine with other processes. None of these 
references recognizes the need to isolate the plasma etching function during operational 
etching of the specimen with particularity, nor do they recognize any need for separation 
of the functions. To stuff all of the identified features in a box does not yield a useful 
device. Even placing the Miyoshi reaction chamber into a common vacuum chamber 
would not yield the claimed device, as the device segregates the plasma etching function 
while operational with respect to the substrate, and not as a preparatory or maintenance 
step. 
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As stated by the Examiner, some hindsight is necessary in any obviousness 

evaluation. However, the MPEP clearly states: 

Knowledge of applicant's disclosure must be put aside in reaching 
this determination, yet kept in mind in order to determine the 
'differences,' conduct the search and evaluate the 'subject matter 
as a whole' of the invention. The tendency to resort to 'hindsight' 
based upon applicant's disclosure is often difficult to avoid due to 
the very nature of the examination process. However, 
impermissible hindsight must be avoided and the legal conclusion 
must be reached on the basis of the facts gleaned from the prior 
art. 

MPEP §2142. Applicant respectfully reasserts that the Examiner is applying 
impermissible hindsight in the evaluation of the above-cited prior art references. None of 
the prior art references, either alone or in combination, teaches or suggests a shutter or 
other selective spatial isolation to shield different reactive components or fixtures during 
the use of other source components during the operation of a source on the specimen. 
Withdrawal of the rejection is respectfully requested. 

2. Claims 158, 161 

The Examiner has rejected claims 158, 161 and their dependencies based upon the 
teachings of Moslehi. More specifically, the Examiner states that Moslehi teaches a 
position sensor for detecting a position of the specimen, and that the sample stage can be 
moved to one or more processing positions remote from the first position in any of the 
three dimensions. The Examiner admits that Moslehi does not teach the use of a beam 
impinging upon the sample stage to make such detection, nor does Moslehi teach the 
ability to hold the specimen at an angle to such a beam. The Examiner relies upon Mitro 
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for the teaching of rocking the specimen in combination with Moslehi to reject the 
claimed requirement of holding the substrate at an angle. Baldwin is cited for the 
utilization of a beam to detect position. 

Referring first to Moslehi, the reference discloses an indexing chuck which 
incorporates a stepper motor for positional reference. Each stepper motor has a preset 
zero value associated with a location and tracks relative movement from that physical 
location. Rotation of the motor is indexed so that return to the preset zero position is 
achieved by counting the number of "steps" from the zero position. Movement may be 
made only in the preset, two dimensional rotational motion provided by the motor. Three 
dimensional movement is provided by two cooperative stepper motors, which allow for 
rotation of a shaft as the two dimensional movement described earlier, coupled with the 
upward and downward movement of the shaft associated with a second stepper motor. 
Moslehi does not teach or suggest the use of a beam as a reference point, as required by 
the instant claims. 

Mitro discloses an apparatus which again provides a shaft driven rotational 
motion for movement of specimen relative to a etching or coating device. The Examiner 
cites it for "disposing the substrate at an angle" and "uniform coating." Mitro does not, 
however, disclose the use of a beam as a reference point as required by the instant claims. 

Baldwin is cited for the use of a beam to detect position. Baldwin, however, does 
not teach or suggest the use of a beam to detect position. Baldwin teaches the use of a 
beam to detect the deposition thickness of material on the substrate. Col. 4, lines 24-31. 
Baldwin is therefore not capable of determining where a device is in three dimensional 
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space, but merely the size of the material incident to the beam. Moreover, Baldwin is not 
capable of determining the angle of incidence of the beam to the detected material. 

In light of the foregoing, it would not be obvious to combine Baldwin, Moslehi 
and Mitro to obtain the claimed invention, nor does the combination of the three 
references result in a teaching or suggestion of the claimed invention. There is no 
teaching, alone or in combination, of the use of a beam to detect the position of a device 
in three dimensional space. Nor is there a teaching of using such a beam to align such a 
device at an angle incident to the beam. For the reasons stated above, Applicants 
respectfully submit that the rejection of claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 
118, 120, 121, 124-135, 137-151 and 158-164 is overcome, and reversal of the rejection 
thereof is respectfully requested along with a holding that each of the claims is allowable. 

Respectfully submitted, 

METZ LEWIS BRODMAN MUST O'KEEFE LLC 

By /Barry I. Friedman/ 

Barry I. Friedman, Reg. No. 33,695 
1 1 Stanwix Street, 18 th Floor 
Pittsburgh, Pennsylvania 1 5222 

Attorney for Applicants 
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APPENDICES 



APPENDIX OF CLAIMS 

1 . (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a plasma generator for plasma cleaning said specimen; 

means for removing material from said specimen; 

means for coating said specimen with a conductive material; and 

means for plasma etching said specimen which includes the 
selective spatial isolation of said means for plasma etching said specimen and said 
specimen from said plasma generator, said means for removing material and said 
means for coating said specimen when said means for plasma etching said 
specimen is operational; 

wherein said plasma cleaning of said specimen and said coating of 
said specimen may be performed in a single process chamber under continuous vacuum 
conditions. 

2. (Cancelled) 

3. (Rejected) An apparatus according to claim 1, wherein said means for 
removing comprises means for etching said specimen using an ion beam. 

4. (Rejected) An apparatus according to claim 3, wherein said means for etching 
comprises an ion source for directing said ion beam at said specimen. 



5. (Rejected) An apparatus according to claim 4, wherein said means for etching 
further comprises a source of process gas positioned adjacent said ion source. 



6. (Rejected) An apparatus according to claim 1, said means for coating 
comprising a magnetron sputtering device. 



7. (Rejected) An apparatus according to claim 1, said means for coating 
comprising an ion source for directing an ion beam at a target, said target being formed of 
said conductive material. 



8. (Cancelled) 

9. (Cancelled) 

10. (Cancelled) 

11. (Cancelled) 

12. (Cancelled) 

13. (Cancelled) 

14. (Cancelled) 

15. (Cancelled) 



16. (Rejected) An apparatus according to claim 1 , wherein said plasma generator 
comprises a plasma tube, a coil wrapped around said plasma tube, and an RF power 
supply connected to said coil. 



17. (Rejected) An apparatus according to claim 16, further comprising a source of 
process gas including oxygen connected to said plasma tube, said plasma cleaning being 
performed using said process gas. 

18. (Rejected) An apparatus according to claim 17, said process gas further 
including argon. 

19. (Rejected) An apparatus according to claim 18, said process gas comprising a 
mixture of 75% argon and 25% oxygen. 

20. (Rejected) An apparatus according to claim 17, said process gas further 
including a non-reactive gas. 

21. (Rejected) An apparatus according to claim 1, further comprising a vacuum 
pump connected to said process chamber for evacuating said process chamber to a 
selected vacuum level. 

22. (Cancelled) 

23. (Cancelled) 

24. (Rejected) An apparatus according to claim 21, further comprising an oil-free 
vacuum pump for controlling said vacuum conditions. 



25. (Rejected) An apparatus according to claim 24, said oil-free vacuum pump 
selected from the group consisting of oil-free diaphragm pumps, molecular drag pumps, 
turbomolecular drag pumps, molecular drag pumps backed by a diaphragm pump, 
turbomolecular drag pumps backed by a diaphragm pump, cryosorption pumps, 
reciprocating piston pumps, scroll pumps, screw pumps, claw pumps, non-oil sealed 
single and multistage piston pumps, and rotary lobe pumps. 

26. (Rejected) An apparatus according to claim 1, further comprising a specimen 
stage for holding said specimen, said specimen stage being adapted to tilt said specimen 
with respect to said means for removing, said specimen stage being rotatable about an 
axis of rotation generally perpendicular to a plane defined by a surface of said specimen 
when said specimen is held by said specimen stage. 

27. (Rejected) An apparatus according to claim 26, further comprising means for 
cooling said specimen stage. 

28. (Rejected) An apparatus according to claim 26, said specimen stage being 
selectively moveable along said axis of rotation. 

29. (Rejected) An apparatus according to claim 1, said chamber further 
comprising a specimen stage for holding said specimen, said specimen stage being 
adapted to tilt said specimen with respect to said means for removing, said specimen stage 
being rotatable about an axis of rotation generally perpendicular to a plane defined by a 



surface of said specimen when said specimen is held by said specimen stage. 



30. (Rejected) An apparatus according to claim 1, said chamber further 
comprising a cold trap. 



31. (Rejected) An apparatus according to claim 1, said chamber further 
comprising a crystal oscillator for measuring an amount of said conductive material that is 
deposited on said specimen. 



32. (Cancelled) 

33. (Cancelled) 

34. (Cancelled) 

35. (Cancelled) 

36. (Cancelled) 

37. (Cancelled) 

38. (Cancelled) 

39. (Cancelled) 

40. (Cancelled) 

41. (Cancelled) 

42. (Cancelled) 

43. (Cancelled) 

44. (Cancelled) 

45. (Cancelled) 



46. (Cancelled) 

47. (Cancelled) 

48. (Cancelled) 

49. (Cancelled) 

50. (Cancelled) 

51. (Cancelled) 

52. (Cancelled) 

53. (Cancelled) 

54. (Cancelled) 

55. (Cancelled) 

56. (Cancelled) 

57. (Cancelled) 

58. (Rejected) An apparatus according to claim 1, said plasma etching further 
comprising capacitive discharge plasma etching. 

59. (Rejected) An apparatus according to claim 58, said means for plasma etching 
comprising a first electrode supported by said process chamber and a second electrode 
supported by said process chamber, said first and second electrodes defining a gap 
therebetween for receiving said specimen. 

60. (Rejected) An apparatus according to claim 59, said first and second 
electrodes each comprising a substantially planar electrode, said first electrode and said 



second electrode being substantially parallel to one another. 

61 . (Rejected) An apparatus according to claim 60, further comprising a specimen 
stage for holding said specimen, said specimen stage being supported by said process 
chamber, at least a portion of said specimen stage being said first electrode. 

62. (Rejected) An apparatus according to claim 61, said specimen stage being 
moveable in a direction substantially perpendicular to a planar surface of said first 
electrode. 

63. (Rejected) An apparatus according to claim 61, said second electrode being 
moveable in a direction substantially perpendicular to a planar surface of said second 
electrode. 

64. (Rejected) An apparatus according to claim 59, further comprising an 
alternating voltage source connected to said first and second electrodes for generating an 
electric field within said gap, said electric field generating a plasma from a gas introduced 
into said gap. 

65. (Rejected) An apparatus according to claim 1, said plasma etching further 
comprising inductively coupled plasma etching. 



66. (Cancelled) 



67. (Cancelled) 



68. (Rejected) An apparatus according to claim 3, further comprising means for 
ion beam etching said specimen, wherein said ion beam etching may be performed under 
said continuous vacuum conditions. 

69. (Rejected) An apparatus according to claim 68, further comprising an ion 
source for directing an ion beam at said specimen, said ion beam etching said specimen, 
wherein said etching of said specimen with said ion beam may be performed under 
continuous vacuum conditions. 

70. (Cancelled) 

71. (Cancelled) 

72. (Cancelled) 

73. (Rejected) An apparatus according to claim 69, wherein said ion source may 
selectively direct said ion beam at said specimen for ion beam etching said specimen 
under said continuous vacuum conditions. 

74. (Rejected) An apparatus according to claim 73, further comprising a specimen 
stage for holding said specimen, said specimen stage being moveable between a first 
position in which said specimen is within a path of said ion beam such that said ion beam 
is directed at and impinges upon said specimen and a second position in which said 



specimen is outside of said path such that said ion beam is directed at and impinges upon 
said target. 

75. (Rejected) An apparatus according to claim 74, said specimen stage being 
adapted to tilt said specimen with respect to said ion source, said specimen stage being 
rotatable about an axis of rotation generally perpendicular to a plane defined by a surface 
at said specimen when said specimen is held by said specimen stage. 

76. (Cancelled) 

77. (Cancelled) 

78. (Cancelled) 

79. (Cancelled) 

80. (Cancelled) 

81. (Cancelled) 

82. (Cancelled) 

83. (Cancelled) 

84. (Cancelled) 

85. (Cancelled) 

86. (Cancelled) 

87. (Cancelled) 

88. (Cancelled) 

89. (Cancelled) 

90. (Cancelled) 



91. (Cancelled) 

92. (Cancelled) 

93. (Cancelled) 

94. (Cancelled) 

95. (Cancelled) 

96. (Cancelled) 

97. (Cancelled) 

98. (Cancelled) 

99. (Cancelled) 

100. (Cancelled) 

101. (Cancelled) 

102. (Cancelled) 

103. (Cancelled) 

104. (Cancelled) 

105. (Cancelled) 

106. (Cancelled) 

107. (Cancelled) 

108. (Cancelled) 

109. (Cancelled) 

110. (Cancelled) 

111. (Cancelled) 

112. (Cancelled) 

113. (Cancelled) 



114. (Cancelled) 

115. (Cancelled) 

116. (Cancelled) 

117. (Cancelled) 

118. (Rejected) An apparatus according to claim 1, further comprising a load 
lock chamber connected to said process chamber. 

119. (Cancelled) 

120. (Rejected) An apparatus according to claim 68, said etching comprising 
reactive ion beam etching, said apparatus further comprising a source of reactive process 
gas comiected to said ion source. 

121. (Rejected) An apparatus according to claim 58, said plasma etching 
utilizing a plasma generated by capacitive discharge, said plasma etching assembly 
further comprising an electrode and an alternating voltage source connected to said 
electrode. 



122. (Cancelled) 

123. (Cancelled) 



124. (Rejected) An apparatus according to claim 59, wherein one or more of a 
size of said gap and a power of said alternating voltage source are automatically 
controlled based on parameters set by a user. 

125. (Rejected) An apparatus according to claim 124, said plasma etching 
assembly further comprising two or more gas inlets, said process gas comprising a 
mixture of two or more process gasses selected by a user. 

126. (Rejected) An apparatus according to claim 125, wherein said process 
gasses further comprise at least one of O2, CF4 and CHF3. 

127. (Rejected) An apparatus according to claim 1, said means for plasma 
etching further comprising two or more gas inlets, said plasma etching of said specimen 
utilizing a plasma generated from a mixture of two or more process gasses selected by a 
user. 

128. (Rejected) An apparatus according to claim 1, said means for plasma 
etching being usable to plasma clean said specimen by generating a plasma from a 
process gas including oxygen. 

129. (Rejected) An apparatus according to claim 1, wherein coating comprises 
ion beam sputter coating, said means for coating comprising a target formed of said 



conductive material, said ion source directing said ion beam at said target. 

130. (Rejected) An apparatus according to claim 129, said means for coating 
further comprising a lever supported by said vacuum chamber, said lever holding said 
target, said lever being selectively moveable into a position in which said ion beam is 
directed at said target. 

131. (Rejected) An apparatus according to claim 1 , said means for coating 
comprising a plurality of targets, each of said targets being formed of a conductive 
material, said ion source directing said ion beam at a selected one of said targets. 

132. (Rejected) An apparatus according to claim 131, said means for coating 
further comprising means for moving said selected one of said targets from a covered 
position to an exposed position. 

133. (Rejected) An apparatus according to claim 131, said means for coating 
further comprising a lever supported by said vacuum chamber, said lever holding said 
plurality of targets, said lever being selectively moveable into a position in which said ion 
beam is directed at said selected one of said targets. 

134. (Rejected) An apparatus according to claim 133, said plurality of targets 
being held by a target holder, said target holder being moveable among a plurality of 
positions, each of said positions exposing one of said targets and covering a remaining 



one or more of said targets. 

135. (Rejected) An apparatus according to claim 134, said target holder being 
rotatably supported by said lever, said target holder being rotatable among said plurality 
of positions. 

136. (Objected To) An apparatus according to claim 135, said target holder 
further comprising a plurality of pins, said vacuum chamber supporting an arm, said 
target holder being selectively rotated by contact between said arm and any one of said 
pins. 

137. (Rejected) An apparatus according to claim 133, further comprising 
means for selectively exposing said selected one of said targets and covering a remaining 
one or more of said targets. 

138. (Cancelled) 

139. (Rejected) An apparatus according to claim 1, further comprising a 
sample stage being moveable to a plurality of processing positions inside said vacuum 
chamber under said continuous vacuum conditions for performing said removing, said 
plasma cleaning, said plasma etching and said coating of said specimen. 



140. (Rejected) An apparatus according to claim 139, said sample stage being 
automatically moveable among said processing positions based on parameters set by a 
user. 

141 . (Rejected) An apparatus according to claim 140, said parameters 
including an order of movement among selected ones of said processing positions. 

142. (Rejected) An apparatus according to claim 139, said sample stage being 
moveable in a first direction along a vertical axis of said vacuum chamber, said apparatus 
further comprising means for detecting a first position of a surface of said specimen along 
said vertical axis, wherein said sample stage is moved automatically to said plurality of 
processing positions based on said first position. 

143. (Rejected) An apparatus according to claim 142, wherein said first 
position is measured relative to a second position along said vertical axis. 

144. (Rejected) An apparatus according to claim 139, said sample stage being 
moveable in a first direction along a vertical axis of said vacuum chamber, said apparatus 
further comprising a beam generating device and a beam sensor supported by said 
vacuum chamber, said beam generating device and said beam sensor being used to detect 
a first position of a surface of said specimen along said vertical axis, wherein said sample 
stage is moved automatically to said plurality of processing positions based on said first 



position. 



145. (Rejected) An apparatus according to claim 144, wherein said first 
position is measured relative to a second portion along said vertical axis. 

146. (Rejected) An apparatus according to claim 144, said beam generating 
device comprising a laser. 

147. (Rejected)) An apparatus according to claim 139, said sample stage being 
moveable in a first direction along a vertical axis of said vacuum chamber, at least a first 
portion of said sample stage that supports said specimen being rotatable about said 
vertical axis, and at least a second portion of said sample stage connected to said first 
portion being moveable in a first angular direction with respect to said vertical axis. 

148. (Rejected) An apparatus according to claim 147, at least a third portion of 
said sample stage connected to said second portion being moveable in a second angular 
direction with respect to said vertical axis. 

149. (Previously Presented) An apparatus according to claim 139, said sample 
stage having at least three degrees of selective independent movement. 



150. (Rejected) An apparatus according to claim 149, sample stage having at 
least four degrees of selective independent movement. 

151. (Rejected)) An apparatus according to claim 1, said process chamber 
having a first aperture adjacent said plasma generator, a first moveable shutter for 
selectively covering said first aperture, a second aperture adjacent said means for plasma 
etching, and a second moveable shutter for selectively covering said second aperture. 

152. (Withdrawn) A method for preparing a specimen for microscopy, 
comprising: 

determining a first position of a surface of said specimen along an axis of 
a processing chamber; 

automatically moving said specimen to one or more processing locations 
within said processing chamber based on said first position. 

153. (Withdrawn) A method according to claim 152, said determining step 
further comprising determining said first position relative to a second position along said 
axis. 

154. (Withdrawn) A method according to claim 152, said determining step 
further comprising: 

generating a beam; 

directing said beam at a sensor; 



moving said specimen along said axis; 

establishing said first position when a predetermined level is measured by 

said sensor. 

155. (Withdrawn) A method according to claim 154, said beam comprising a 
laser beam. 

156. (Withdrawn) A method according to claim 154, said predetermined level 
comprising approximately 50% of a level measured when said sensor is completely 
unobscured. 

157. (Withdrawn) A method according to claim 156, said determining step 
further comprising: 

(a) moving said specimen along said axis to an obscuring position in 
which said sensor is completely obscured and setting a blocked position variable equal to 
said obscuring position; 

(b) moving said specimen along said axis to an unobscuring position 
in which said sensor is completely unobscured, obtaining an unobscured sensor level 
reading, and setting a clear position variable equal to said unobscuring position; 

(c) moving said specimen to a midpoint position that is approximately 
halfway between a position equal to said blocked position variable and a position equal to 
said clear position variable; 

(d) obtaining a current sensor level reading at said midpoint position; 



(e) determining whether said current sensor level reading is equal to 
approximately 50% of said unobscured sensor level reading; 

(f) setting said first position equal to said midpoint position if said 
current sensor level reading is equal to approximately 50% of said unobscured sensor 
level reading; 

(g) setting said blocked position variable equal to said midpoint 
position if said current sensor level reading is less than approximately 50% of said 
unobscured sensor level reading and repeating steps (c) through (h) until said first 
position is set in step (f); and 

(h) setting said clear position variable equal to said midpoint position 
if said current sensor level reading is greater than approximately 50% of said unobscured 
sensor level reading and repeating steps (c) through (h) until said first position is set in 
step (f). 

158. (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber; 

a sample stage, said sample stage being moveable to one or more 
processing positions inside said processing chamber, said processing position being 
defined by three dimensional coordinates; and 

means for detecting a first position of a surface of said specimen within 
said processing chamber; 

wherein said sample stage is moved automatically to said one or more 



processing positions remote from said first position in any of three dimensions and at an 
angle relative to a beam impinging thereon. 

159. (Rejected) An apparatus according to claim 158, wherein said first 
position is measured relative to a second position along said axis. 

160. (Rejected) An apparatus according to claim 158, said processing positions 
including positions for performing one or more of etching said specimen, plasma cleaning 
said specimen, plasma etching said specimen and coating said specimen with a 
conductive material. 

161 . (Rejected) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber; 

a sample stage, said sample stage being moveable to one or more 
processing positions inside said processing chamber, said processing positions being 
defined by three dimensional coordinates; and 

a beam generating device and a beam sensor supported by said processing 
chamber, said beam generating device and said beam sensor being used to detect a first 
position of a surface of said specimen within said processing chamber; 

wherein said sample stage is moved automatically to said one or more 
processing positions remote from said first position in any of three dimensions and at an 



angle relative to said beam generating device. 

162. (Rejected) An apparatus according to claim 161, wherein said first 
position is measured relative to a second position along said axis. 

163. (Rejected) An apparatus according to claim 161, said processing positions 
including positions for performing one or more of etching said specimen, plasma cleaning 
said specimen, plasma etching said specimen and coating said specimen with a 
conductive material. 

164. (Rejected) An apparatus according to claim 161, said beam generating 
device comprising a laser. 
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DETAILED ACTION 

Election/Restrictions 

This application contains claims 152-157 drawn to an invention nonelected. A 

complete reply to the final rejection must include cancellation of nonelected claims or 

other appropriate action (37 CFR 1 .144) See MPEP § 821 .01 . 

Claim Rejections ~ 35 USC §112 

The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the 
manner and process of making and using it, in such full, clear, concise, and exact 
terms as to enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make and use the same and shall set forth the 
best mode contemplated by the inventor of carrying out his invention. 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137 and 

139-151 are rejected under 35 U.S.C. 112, first paragraph, as failing to comply with the 

written description requirement. The claim(s) contains subject matter which was not 

described in the specification in such a way as to reasonably convey to one skilled in 

the relevant art that the inventor(s), at the time the application was filed, had possession 

of the claimed invention. Specifically it is unclear where there is support for selective 

spatial isolation of said means for plasma etching said specimen and said specimen 

from said plasma generator, said means for removing material and said means for 

coating said specimen when said means for plasma etching said specimen is 

operational. What element isolates the means for etching from each of the devices? 
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Art Unit: 1795 

Claim Rejections - 35 (JSC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 1 02 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claims 1, 3-7, 21, 24, 25, 58-64, 68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 
142, 143, 149 and 151 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Siebert (U.S. Pat. 4,858,556) in view of Moslehi (U.S. Pat. 6,051 ,1 13), Mahler (U.S. Pat. 
4,595,483) and Miyoshi (U.S. Pat. 6,325,857). 

Regarding claim 1 , Siebert teach an apparatus including means for removal of 
material from the specimen. (Column 12 lines 59-64; Column 12 line 28) Means for 
coating the specimen. (Column 12 lines 52-56) Also any of a number of different types 
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of sources can be provided in the apparatus. (Column 12 lines 24-25) The processes 
can be carried out in a single process chamber 10 (Figs. 6 and 7) under continuous 
vacuum conditions. (Column 9 lines 49-58) 

Regarding claim 3, the means for removing comprises a means for etching using 
an ion beam. (Column 12 line 28; Column 12 lines 59-64) 

Regarding claims 4, Siebert teach that the means for etching comprises an ion beam 
source for directing an ion beam at the specimen. (Column 22 lines 19-22) 

Regarding claims 5, a source of process gas is inherently positioned adjacent the 
ion source in order to produce the ion beam. (Column 22 lines 18-22) 

Regarding claim 6, Siebert teach utilizing a magnetron sputtering device. 
(Column 12 line 26) 

Regarding claim 7, Siebert teach as the source an ion source for directing an ion 
beam at a target can be used. (Column 12 lines 64-68; Column 13 lines 1-3) 

Regarding claim 21 , Siebert teach a vacuum pump connected to the process 
chamber to evacuate the chamber to a selected vacuum level. (Column 9 lines 58-62) 

Regarding claim 68, Siebert suggest ion etching under continuous vacuum 
conditions. (Column 22 lines 9-22) 

Regarding claim 69, Siebert teach an ion beam for etching. (Column 22 lines 9- 

22) 

Regarding claim 73, Siebert teach utilizing a shutter to selectively expose the 
specimen to ion beam etching. (Column 11 lines 31-43) 
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Regarding claim 74, Siebert teach a specimen stage for moving the specimen 
inside and outside of the ion beam. (Column 10 lines 56-60) 

Regarding claim 124, Siebert teach controlling the powers to sources. (Column 13 
lines 39-68) 

Regarding claim 129, Siebert teach ion beam sputtering coating utilizing a target 
an ion beam. (Column 13 lines 1-3) 

Regarding claim 139, Siebert teach a sample stage being movable to a plurality 
of processing positions in the vacuum chamber under continuous vacuum conditions for 
performing processes. (Figs. 6, 7 item 16) 

Regarding claims 140, 141, Siebert teach automatic control for the moving the 
substrate. (Column 13 lines 39-68; Column 14 lines 1-68; Column 15 lines 1-68) 

Regarding claims 142, 143, Siebert teach adjusting the source to substrate 
distance vertically. (Column 10 lines 52-56; Column 6 lines 18-22) 

Regarding claim 149, Siebert teach at least three degrees of movement, (i.e. 
source to substrate distance, rotational movement and orbital motion) (Column 10 lines 
52-56; Column 14 lines 1-2) 

Regarding claim 151, Siebert teach utilizing shutters. (Column 11 lines 31-43) 

The differences between Siebert and the present claims is that the plasma 
generator for plasma cleaning the specimen is not discussed (Claim 1), coating the 
specimen with conductive material is not discussed (Claim 1), means for plasma etching 
is not discussed (Claim 1), utilizing an oil free vacuum pump is not discussed (Claim 
24), utilizing a particular kind of pump is not discussed (Claim 25), the plasma etching 



(" 



Application/Control Number: 10/633,130 Page 6 

Art Unit: 1795 

being capacitive discharge plasma etching is not discussed (Claim 58), the means for 
plasma etching comprising a first electrode supported by said process chamber and a 
second electrode supported by said process chamber, said first and second electrodes 
defining a gap therebetween for receiving said specimen is not discussed (Claim 59), 
the first and second electrodes each comprising a substantially planar electrode, said 
first electrode and said second electrode being substantially parallel to one another is 
not discussed (Claim 60), the specimen stage for holding said specimen, said 
specimen stage being supported by said process chamber, at least a portion of said 
specimen stage being said first electrode is not discussed (Claim 61), the specimen 
stage being moveable in a direction substantially perpendicular to a planar surface of 
said first electrode is not discussed (Claim 62), the second electrode being moveable in 
a direction substantially perpendicular to a planar surface of said second electrode is 
not discussed (Claim 63), the alternating voltage source connected to said first and 
second electrodes for generating an electric field within said gap, said electric field 
generating a plasma from a gas introduced into said gap is not discussed (Claim 64) 
and means for selective spatial isolation of the other means when the plasma etching 
means is in operation is not discussed (Claim 1). 

Regarding the plasma generator for plasma cleaning the specimen (Claim 1), 
Siebert discussed above already teach that any source may be provided in the 
apparatus including multiple sources. (See Siebert Column 12 lines 24-25) Moslehi 
teach an apparatus including a plasma generator for plasma cleaning the specimen. 
(Column 10 lines 27-28) The plasma cleaning and the coating of the specimen can be 
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performed in a single process chamber under continuous vacuum conditions. (Fig. 2; 
Column 8 lines 53-54) 

Regarding coating the specimen with conductive material (Claim 1), Moslehi 
teach an apparatus including a plasma generator for plasma cleaning the specimen. 
(Column 10 lines 27-28) The apparatus can include means for coating a specimen with 
conductive material. (Column 10 lines 25-27) The plasma cleaning and the coating of 
the specimen can be performed in a single process chamber under continuous vacuum 
conditions. (Fig. 2; Column 8 lines 53-54) 

Regarding claim 24, Moslehi teach utilizing an oil-free vacuum pump. (Column 8 
lines 54-57) 

Regarding claims 25, Moslehi teach utilizing a cryosorption vacuum pump. 
(Column 8 lines 54-57) 

The motivation for utilizing the features of Moslehi is that it allows for performing 
operations in a single chamber. (Column 8 lines 53-54) 

Regarding the means for plasma etching (Claim 1), Siebert discussed above 
already teach that any source may be provided in the apparatus including multiple 
sources. (See Siebert Column 12 lines 24-25) Mahler teach an apparatus including 
means for coating a specimen with a material from a sputtering coating source and 
means for plasma etching the specimen. (Column 4 lines 1-10) The coating of the 
specimen and the plasma etching of the specimen occurs in a single vacuum chamber 
4 evacuated by pump 29. (Column 4 lines 1-10; Column 5 lines 11-13) 
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Regarding claim 58, 121, Mahler teach the plasma etching is capacitive 
discharge plasma etching. (Column 2 lines 61-68; Column 3 lines 1-3) 

Regarding claim 59, the substrate holder and the charging cover represent the 
first and second electrodes with the specimen in between. (Column 2 lines 61-68; 
Column 3 lines 1-3) 

Regarding claim 60, Mahler teach the first and second electrodes are 
substantially planar and are parallel to one another. (Column 2 lines 61-68; Column 3 
lines 1-3) 

Regarding claim 61 , Mahler teach a specimen stage 26 for holding the substrate 
and being part of the first electrode is present. (Column 4 lines 53-56) 

Regarding claim 63, Mahler teach the second electrode cover can move the in a 
direction perpendicular by a lift device. (Column 4 lines 7-10) 

Regarding claim 64, 121, Mahler teach utilizing an alternating voltage source for 
generating the plasma. (Column 2 lines 63) 

The motivation for utilizing the features of Mahler is that it allows for performing 
processes in a single chamber. (Column 4 lines 1-10; Column 5 lines 1 1-13) 

Regarding isolating the etching means form the other means (claim 1), Miyoshi 
teach a shutter which isolates means from an etching means. (Column 9 lines 62-68; 
Column 10 lines 1-4) 

The motivation for utilizing the features of Miyoshi is that it allows for protecting 
the other means in the chamber to be effected by the etching. (Column 10 lines 16-17) 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have modified Siebert by utilizing the features of 
Moslehi, Mahler and Miyoshi because it allows for performing process in a single 
chamber and protecting the other means from the etching device. 

Claims 16, 65 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Siebert in view of Moslehi, Mahler and Miyoshi as applied to claims 1 , 3-7, 21 , 24, 25, 
58-64,68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 and 151 above, and 
further in view of Ameen et al. (U.S. Pat. 6,143,128). 

The differences not yet discussed are that the plasma generator is not discussed. 
(Claim 16) and the use of an inductively coupled plasma is not discussed (claim 65). 

Regarding claim 16, Ameen et al. teach that for cleaning a RF coil for a chamber 
can be utilized. (Column 9 lines 48-68; Column 10 lines 1-7) 

Regarding claims 65, Ameen et al. teach that for cleaning a RF coil for a 
chamber can be utilized. (Column 9 lines 48-68; Column 10 lines 1-7) 

The motivation for utilizing an RF coil for cleaning is that it allows for cleaning the 
substrate. (Column 9 lines 48-68; Column 10 lines 1-7) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized a plasma generator as taught by Ameen et 
al. because it allows for cleaning of the substrate. 

Claims 17-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Siebert in view of Moslehi, Mahler and Miyoshi in view of Ameen et al. as applied to 
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claim 1, 3-7, 21, 24, 25, 58-64, 68, 69,73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 
149 and 151 above, and further in view of Chang et al. (U.S. Pat. 6,434,814). 

The differences not yet discussed is the gases used for cleaning and multiple gas 
inlets and magnetron sputtering 

Regarding claims 17, 18, 19, 20, Chang etal. teach that Ar and oxygen can be 
utilized for clean etching. Utilizing two gases would require two inlets for the gases. 
(Column 8 lines 57-65) 

Chang et al. suggests magnetron coating for sputtering. (Column 6 lines 57-62) 

The motivation for utilizing Ar and oxygen is that it allows for cleaning. (Column 
8 lines 57-65) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized oxygen and argon as taught by Chang et 
al. because it allows cleaning of the substrate. 

Claims 26-29, 75, 147, 148, 150 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Siebert in view of Moslehi, Mahler and Miyoshi as applied to claims 
1,3-7,21,24, 25, 58-64, 68,69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 
and 151 above, and further in view of Mitro et al. (U.S. Pat. 5,922,179). 

The differences not yet discussed are the rotating and tilting of the substrate 
(Claims 26, 28, 29, 75), the cooling of the substrate (Claim 27), moving the substrate in 
a first angular direction (Claim 147), moving the substrate in a second angular direction 
(Claim 148) and four degrees of movement is not discussed (Claim 150). 
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Regarding claims 26, 29, 75, Mitro et al. teach a specimen holder that rotates 
and rocks. (Column 4 lines 20-27) 

Regarding claim 27, Mitro et al. teach a specimen holder that is cooled. (Column 
3 lines 15-22) 

Regarding claim 147, Siebert discussed above teaching moving the stage in a 
vertical direction to control distance between the target and the substrate. The 
substrate can be rotated. (See Seibert discussed above) Mitro et al. teach rocking the 
substrate holder which means the substrate holder is moved in first and second angular 
directions. (Mitro et al. Column 4 lines 20-27) 

Regarding claim 150, Siebert discussed above already teach three degrees of 
movement. (See Siebert discussed above) Mitro et al. teach a fourth degree of 
movement (i.e. rocking). (See Mitro et al. discussed' above) 

The motivation for cooling, rotating and tilting the substrate is that it allows for 
uniform coating and etching of the film. (Column 4 lines 20-33) 

Regarding claims 28, 29, 75, Moslehi suggest the stage being movable up and 
down along an axis. (See Moslehi Fig. 2) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have cooled, rotated and tilted the substrate holder as 
taught by Mitro et al. because it allows for uniform coating and etching of the film. 

Claim 30 is rejected under 35 U.S.C. 103(a) as being unpatentable over Siebert 
in view of Moslehi, Mahler and Miyoshi as applied to claims 1, 3-7, 21, 24, 25, 58-64, 
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68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 and 151 above, and further 
in view of Kobayashi et al. (U.S. Pat. 5,340,460). 

The difference not yet discussed is the use of a cold trap. 

Kobayashi et al. teach a cold trap in the chamber. (Column 4 lines 32-39; Fig. 3) 

The motivation for providing a cold trap in the chamber is that it allows for 
capturing residual gases. (See Abstract) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized a cold trap as taught by Kobayashi et al. 
because it traps residual gases. 

Claim 31 is rejected under 35 U.S.C. 103(a) as being unpatentable over Siebert 
in view of Moslehi, Mahler and Miyoshi as applied to claims 1 , 3-7, 21 , 24, 25, 58-64, 
68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 and 151 above, and further 
in view of Holland (U.S. Pat. 4,31 1 ,725). 

The difference not yet discussed is the crystal oscillator. 

Holland teach a crystal oscillator for measuring the amount of total material 
deposited and ending deposition. (Column 8 lines 11-40) 

The motivation for utilizing a crystal oscillator is that it allows for measuring the 
amount of film deposited. (Column 8 lines 11-40) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized a crystal oscillator as taught by Holland 
because it allows for measuring the thickness. 
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Claim 118 is rejected under 35 U.S.C. 103(a) as being unpatentable overSiebert 
in view of Moslehi, Mahler and Miyoshi as applied to claims 1 , 3-7, 21 , 24, 25, 58-64, 
68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 and 151 above, and further 
in view of Nomura et al. (U.S. Pat. 6,641 ,703). 

The difference not yet discussed is the use of a load lock. (Claim 1 1 8) 
Regarding claim 118, Nomura et al. teach the toad/unload chamber. (Column 6 
lines 22-25) 

The motivation for utilizing load lock chamber is for loading of the substrate. 
(Column 6 lines 22-25) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilizing a load lock as taught by Nomura et al. 
because it allows for loading the substrate. 

Claims 120 and 125-128 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Siebert in view of Moslehi, Mahler and Miyoshi as applied to claims 
1, 3-7, 21,24, 25, 58-64, 68,69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 
and 151 above, and further in view of Chang et al. (U.S. Pat. 6,434,814). 

The differences not yet discussed are the reactive gas (Claim 120), the two gas 
inlets (claims 125, 127) and the process gas being oxygen (Claims 126, 128). 

Regarding claims 120, 125, 126, 127, 128, Chang et al. teach that Ar and oxygen 
can be utilized for clean etching. Utilizing two gases would require two inlets for the 
gases. (Column 8 lines 57-65) 
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The motivation for utilizing the features of Chang et al. is that it allows for 
cleaning. (See Chang et al. discussed above) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized the features of Chang et al. because it 
allows for cleaning. 

Claims 130-135 and 137 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Siebert in view of Moslehi, Mahler and Miyoshi as applied to claims 
1,3-7, 21, 24, 25, 58-64, 68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 
and 151 above, and further in view of Hurwitt (U.S. Pat. 3,756,939). 

The difference not yet discussed is a lever supported by said vacuum chamber, 
said lever holding said target, said lever being selectively moveable into a position in 
which said ion beam is directed at said target is not discussed (Claim 130), the means 
for coating comprising a plurality of targets, each of said targets being formed of a 
conductive material, said ion source directing said ion beam at a selected one of said 
targets is not discussed (Claim 131), the means for moving said selected one of said 
targets from a covered position to an exposed position is not discussed (Claim 132), the 
lever supported by said vacuum chamber, said lever holding said plurality of targets, 
said lever being selectively moveable into a position in which said ion beam is directed 
at said selected one of said targets is not discussed (Claim 133) the plurality of targets 
being held by a target holder, said target holder being moveable among a plurality of 
positions, each of said positions exposing one of said targets and covering a remaining 
one or more of said targets is not discussed (Claim 134), the target holder being 
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rotatably supported by said lever, said target holder being rotatable among said plurality 
of positions is not discussed (Claim 135), the means for selectively exposing said 
selected one of said targets and covering a remaining one or more of said targets is not 
discussed (Claim 137). 

Regarding claims 130-135, 137, Hurwitt teach a lever holding a target and 
selectively movable into a position in which a target is exposed to be sputtered. Targets 
can be covered while one is exposed to be sputtered. (Column 4 lines 3-39) 

The motivation for utilizing Hurwitt is that it allows for sputtering from a number of 
targets in sequence. (See Abstract) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized the features of Hurwitt because it allows 
for sputtering from a number of targets in sequence. 

Claims 144-146 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Siebert in view of Moslehi, Mahler and Miyoshi as applied to claims 1 , 3-7, 21 , 24, 25, 
58-64, 68, 69, 73, 74, 121, 124, 129, 139, 140, 141, 142, 143, 149 and 151 above, and 
further in view of Baldwin et al. (U.S. Pat. 6,419,802). 

The differences not yet discussed is utilizing a beam sensor to sense the position 
of the substrate (Claim 144), detecting the first position relative to a second position 
along the vertical axis (Claim 145), and where the beam is a laser (Claim 146). 

Regarding claims 144-146, Siebert teach adjusting the source to substrate 
distance vertically. (Column 10 lines 52-56; Column 6 lines 18-22) Siebert teach a 
motion mechanism is utilized for positioning the substrates. (Column 6 lines 18-22) 
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Baldwin et al. teach utilizing a beam (i.e. laser) for sensing the position of the substrate. 
(Column 4 lines 17-44) 

The motivation for utilizing a sensor is that it determines the position of the 
substrate. (Column 4 lines 17-44) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have utilized the features of Baldwin et al. because it 
allows for determining the position of the substrate. 

Claims 158-160 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Moslehi (U.S. Pat. 6,051,1 13) in view of Mitro et al. (U.S. Pat. 5,922,179) and Baldwin 
et al. (U.S. Pat. 6,419,802). 

Regarding claim 158, Moslehi teach a processing chamber including a sample 
stage being moveable to one or more positions in the processing chamber. Moslehi 
teach a position sensor for detecting a position of the specimen. The sample stage can 
be moved automatically to one or more processing positions remote form the first 
position in any of the three dimensions. (Fig. 2; Column 10 lines 25-28; Column 8 lines 
53-54; Column 4 lines 17-44) 

Regarding claim 159, the first position is measured relative to a second position 
along an axis. (Column 4 lines 17-44) 

Regarding claim 160, the processing position can be one of coating or cleaning. 
(Column 10 lines 25-28) 

The difference between Moslehi and the present claims is that holding the 
substrate at an angle relative to a beam impinging thereon. 
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Mitro discussed above teach rocking the substrate and thus disposing the 
substrate at an angle. (See Mitro discussed above) 

Baldwin et al. teach utilizing a beam to detect position. (See Baldwin et al. 
discussed above) 

The motivation for utilizing the features of Mitro is that it allows for uniform 
coating and etching of the film. (Mitro Column 4 lines 20-33) 

The motivation for utilizing the features of Baldwin et al. is that it allows for 
utilizing a sensor is that it determines the position of the substrate. (Baldwin et al. 
Column 4 lines 17-44) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have modified Moslehi by utilizing the features of Mitro 
and Baldwin et al. because it allows for uniform coating and etching of the film and for 
determining the position of the substrate. 

• Claims 161, 162, 163, 164 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Moslehi (U.S. Pat. 6,051 ,113) in view of Baldwin et al. (U.S. Pat. 
6,419,802) and Mitro et al. (U.S. Pat. 5,922,179). 

Regarding claim 161, Moslehi teach a processing chamber including a sample 
stage being moveable to one or more positions in the processing chamber. Moslehi 
teach a position sensor for detecting a position of the specimen. The sample stage can 
be moved automatically to one or more processing positions remote form the first 
position in any of the three dimensions. (Fig. 2; Column 10 lines 25-28; Column 8 lines 
53-54; Column 4 lines 17-44) 
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Regarding claim 162, the first position is measured relative to a second position 
along an axis. (Column 4 lines 17-44) 

Regarding claim 163, the processing position can be one of coating or cleaning. 
(Column 10 lines 25-28) 

The differences between Moslehi and the present claims is that the use of a 
beam such as a laser is not discussed (claims 161, 164) and holding the substrate at an 
angle (Claim 161). 

Regarding claims 161, 164, Baldwin et al. teach utilizing a beam (i.e. laser) for 
sensing the position of the substrate. (Column 4 lines 17-44) 

The motivation for utilizing a sensor is that it determines the position of the 
substrate. (Column 4 lines 17-44) 

Regarding claim 161, Mitro teach holding the substrate at an angle. (See Mitro 
et al. discussed above) 

The motivation for utilizing the feature of Mitro is that t allows for uniform coating 
and etching of the film. (Column 4 lines 20-33) 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to have modified Moslehi by utilizing a position sensor and 
laser as taught by Baldwin et al. because it allows for determining the position of the 
substrate. 
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Allowable Subject Matter 

Claim 136 is objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations of the 
base claim and any intervening claims. 

The following is a statement of reasons for the indication of allowable subject 
matter: 

Claim 136 is indicated as being allowable because the prior art of record does 
not teach the target holder including a plurality of pins, the vacuum chamber supporting 
an arm, the target holder being selectively rotated by contact between the arm and any 
one of the pins. 

Response to Arguments 

Applicant's arguments filed July 6, 2009 have been fully considered but they are 
not persuasive. 

Response to the arguments of the 35 U.S.C. 112 1 st paragraph rejections: 
In response to the argument that Applicant provides sufficient written description 
to show the means responsible for isolating the means for etching from the other 
devices, it is argued that the specification does not support isolating the means for 
plasma etching from the space (i.e. spatial isolation). Instead the specification 
discusses how the other devices are isolated from the space but not how the means for 
etching is isolated from the space. The Examiner interprets "spatial isolation" as 
isolating the means for etching from the space. 
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The Examiner withdraws the 35 U.S.C. 112 1st paragraph rejection in regards to 
utilizing a single process chamber for carrying out the plasma cleaning and coating of 
the specimen based in Applicant's argument. 

Response to the arguments of the 35 U.S.C. 103 rejection: 

In response to the argument that the prior art does not teach the plasma etching 
device to be isolated from the other component functionalities of the device when the 
means for plasma etching the specimen is operational, it is argued that Siebert et al. do 
teach utilizing a shutter to expose the specimen to appropriate hardware. Miyoshi teach 
utilizing a shutter to close off the means from one another so that the different process 
do not affect the functionalities of the other components. The shutter spatially separates 
the devices from one another. One of ordinary skill in the art would readily envisage 
incorporating shutter means to isolate each of the devices of Siebert et al. because 
Miyoshi suggest that it is necessary to prevent the devices from affecting one another. 
(See Miyoshi and Siebert discussed above) 

In response to the argument that a shutter does not spatially separate the 
specimen and plasma etching mechanism from the other operative components, it is 
argued that Siebert et al. do teach utilizing a shutter to expose the specimen to 
appropriate hardware. . Miyoshi teach utilizing a shutter to close off the means from 
one another so that the different process do not affect the functionalities of the other 
components. The shutter spatially separates the devices from one another. One of 
ordinary skill in the art would readily envisage incorporating shutter means to isolate 
each of the devices of Siebert et al. because Miyoshi suggest that it is necessary to 
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prevent the devices from affecting one another. Furthermore Applicant remarks that a 
shutter covering a sputter deposition device will spatially isolate the devices from one 
another. Since both Siebert and Miyoshi teach utilizing shutters to isolate devices and 
since Applicant utilizes shutters for spatial isolation a shutter as a means for spatial 
isolation would have been obvious. (See Miyoshi and Siebert discussed above) 

In response to the argument that Miyoshi does not teach shielding specimen or 
other fixtures in the chamber, it is argued that Miyoshi teach utilizing a shutter to close 
off the means from one another so that the different process do not effect the 
functionalities of the other components. The shutter spatially separates the devices from 
one another. One of ordinary skill in the art would readily envisage incorporating shutter 
means to isolate each of the devices of Siebert et al. because Miyoshi suggest that it is 
necessary to prevent the devices from affecting one another. (See Miyoshi and Siebert 
discussed above) 

In response to applicant's argument that the examiner's conclusion of 
obviousness is based upon improper hindsight reasoning, it must be recognized that 
any judgment on obviousness is in a sense necessarily a reconstruction based upon 
hindsight reasoning. But so long as it takes into account only knowledge which was 
within the level of ordinary skill at the time the claimed invention was made, and does 
not include knowledge gleaned only from the applicant's disclosure, such a 
reconstruction is proper. See In re McLaughlin, 443 F.2d 1392, 170 USPQ 209 (CCPA 
1971). 
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Conclusion 

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Rodney G. McDonald whose telephone number is 571- 
272-1340. The examiner can normally be reached on M-Th with every Friday off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam X. Nguyen can be reached on 571-272-1342. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Rodney G. McDonald/ 
Primary Examiner, Art Unit 1795 

Rodney G. McDonald 
Primary Examiner 
Art Unit 1795 

RM 

May 4, 2010 
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THE C LAIMS 



1 . (Previously Presented) An apparatus for preparing a specimen for microscopy, 
comprising: 

a plasma generator for plasma cleaning said specimen; 

means for removing material from said specimen; 

means for coating said specimen with a conductive material; and 

means for plasma etching said specimen which includes the selective 
spatial isolation of said means for plasma etching said specimen and said specimen from 
said plasma generator, said means for removing material and said means for coating said 
specimen when said means for plasma etching said specimen is operational; 

wherein said plasma cleaning of said specimen and said coating of said 
specimen may be performed in a single process chamber under continuous vacuum conditions. 

2. (Cancelled) 

3. (Previously Presented) An apparatus according to claim 1, wherein said means for 
removing comprises means for etching said specimen using an ion beam. 

4. (Original) An apparatus according to claim 3, wherein said means for etching 
comprises an ion source for directing said ion beam at said specimen. 
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5. (Original) An apparatus according to claim 4, wherein said means for etching further 
comprises a source of process gas positioned adjacent said ion source. 



6. (Original) An apparatus according to claim 1, said means for coating comprising a 
magnetron sputtering device. 



7. (Original) An apparatus according to claim 1, said means for coating comprising an 
ion source for directing an ion beam at a target, said target being formed of said conductive 
material. 



8. (Cancelled) 

9. (Cancelled) 

10. (Cancelled) 

11. (Cancelled) 

12. (Cancelled) 

13. (Cancelled) 

14. (Cancelled) 

15. (Cancelled) 



16. (Original) An apparatus according to claim 1, wherein said plasma generator 
comprises a plasma tube, a coil wrapped around said plasma tube, and an RF power supply 
connected to said coil. 
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17. (Original) An apparatus according to claim 16, further comprising a source of process 
gas including oxygen connected to said plasma tube, said plasma cleaning being performed using 
said process gas. 

18. (Original) An apparatus according to claim 17, said process gas further including 

argon. 

19. (Original) An apparatus according to claim 18, said process gas comprising a mixture 
of 75% argon and 25% oxygen. 

20. (Original) An apparatus according to claim 17, said process gas further including a 
non-reactive gas. 

21. (Previously Presented) An apparatus according to claim 1, further comprising a 
vacuum pump connected to said process chamber for evacuating said process chamber to a 
selected vacuum level. 

22. (Cancelled) 

23. (Cancelled) 

24. (Previously Presented) An apparatus according to claim 21, further comprising an oil- 
free vacuum pump for controlling said vacuum conditions. 
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25. (Previously Presented) An apparatus according to claim 24, said oil-free vacuum 
pump selected from the group consisting of oil-free diaphragm pumps, molecular drag pumps, 
turbomolecular drag pumps, molecular drag pumps backed by a diaphragm pump, 
turbomolecular drag pumps backed by a diaphragm pump, cryosorption pumps, reciprocating 
piston pumps, scroll pumps, screw pumps, claw pumps, non-oil sealed single and multistage 
piston pumps, and rotary lobe pumps. 

26. (Previously Presented) An apparatus according to claim 1, further comprising a 
specimen stage for holding said specimen, said specimen stage being adapted to tilt said 
specimen with respect to said means for removing, said specimen stage being rotatable about an 
axis of rotation generally perpendicular to a plane defined by a surface of said specimen when 
said specimen is held by said specimen stage. 

27. (Original) An apparatus according to claim 26, further comprising means for cooling 
said specimen stage. 

28. (Original) An apparatus according to claim 26, said specimen stage being selectively 
moveable along said axis of rotation. 

29. (Previously Presented) An apparatus according to claim 1, said chamber further 
comprising a specimen stage for holding said specimen, said specimen stage being adapted to tilt 
said specimen with respect to said means for removing, said specimen stage being rotatable about 
an axis of rotation generally perpendicular to a plane defined by a surface of said specimen when 
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said specimen is held by said specimen stage. 



30. (Previously Presented) An apparatus according to claim 1, said chamber further 
comprising a cold trap. 



31. (Previously Presented) An apparatus according to claim 1, said chamber further 
comprising a crystal oscillator for measuring an amount of said conductive material that is 
deposited on said specimen. 



32. (Cancelled) 

33. (Cancelled) 

34. (Cancelled) 

35. (Cancelled) 

36. (Cancelled) 

37. (Cancelled) 

38. (Cancelled) 

39. (Cancelled) 

40. (Cancelled) 

41. (Cancelled) 

42. (Cancelled) 

43. (Cancelled) 

44. (Cancelled) 

45. (Cancelled) 
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46. (Cancelled) 

47. (Cancelled) 

48. (Cancelled) 

49. (Cancelled) 

50. (Cancelled) 

51. (Cancelled) 

52. (Cancelled) 

53. (Cancelled) 

54. (Cancelled) 

55. (Cancelled) 

56. (Cancelled) 

57. (Cancelled) 

58. (Previously Presented) An apparatus according to claim 1, said plasma etching 
further comprising capacitive discharge plasma etching. 

59. (Previously Presented) An apparatus according to claim 58, said means for plasma 
etching comprising a first electrode supported by said process chamber and a second electrode 
supported by said process chamber, said first and second electrodes defining a gap therebetween 
for receiving said specimen. 

60. (Original) An apparatus according to claim 59, said first and second electrodes each 
comprising a substantially planar electrode, said first electrode and said second electrode being 
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substantially parallel to one another. 

61. (Previously Presented) An apparatus according to claim 60, further comprising a 
specimen stage for holding said specimen, said specimen stage being supported by said process 
chamber, at least a portion of said specimen stage being said first electrode. 

62. (Original) An apparatus according to claim 61, said specimen stage being moveable 
in a direction substantially perpendicular to a planar surface of said first electrode. 

63. (Original) An apparatus according to claim 61, said second electrode being moveable 
in a direction substantially perpendicular to a planar surface of said second electrode. 

64. (Original) An apparatus according to claim 59, further comprising an alternating 
voltage source connected to said first and second electrodes for generating an electric field within 
said gap, said electric field generating a plasma from a gas introduced into said gap. 

65. (Previously Presented) An apparatus according to claim 1, said plasma etching 
further comprising inductively coupled plasma etching. 

66. (Cancelled) 

67. (Cancelled) 
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68. (Previously Presented) An apparatus according to claim 3, further comprising means 
for ion beam etching said specimen, wherein said ion beam etching may be performed under said 
continuous vacuum conditions. 

69. (Previously Presented) An apparatus according to claim 68, further comprising an ion 
source for directing an ion beam at said specimen, said ion beam etching said specimen, wherein 
said etching of said specimen with said ion beam may be performed under continuous vacuum 
conditions. 

70. (Cancelled) 

71. (Cancelled) 

72. (Cancelled) 

73. (Previously Presented) An apparatus according to claim 69, wherein said ion source 
may selectively direct said ion beam at said specimen for ion beam etching said specimen under 
said continuous vacuum conditions. 

74. (Original) An apparatus according to claim 73, further comprising a specimen stage 
for holding said specimen, said specimen stage being moveable between a first position in which 
said specimen is within a path of said ion beam such that said ion beam is directed at and 
impinges upon said specimen and a second position in which said specimen is outside of said 
path such that said ion beam is directed at and impinges upon said target. 
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75. (Previously Presented) An apparatus according to claim 74, said specimen stage 
being adapted to tilt said specimen with respect to said ion source, said specimen stage being 
rotatable about an axis of rotation generally perpendicular to a plane defined by a surface at said 
specimen when said specimen is held by said specimen stage. 



76. 


(Cancelled) 


77. 


(Cancelled) 


78. 


(Cancelled) 


79. 


(Cancelled) 


80. 


(Cancelled) 


81. 


(Cancelled) 


82. 


(Cancelled) 


83. 


(Cancelled) 


84. 


(Cancelled) 


85. 


(Cancelled) 


86. 


(Cancelled) 


87. 


(Cancelled) 


88. 


(Cancelled) 


89. 


(Cancelled) 


90. 


(Cancelled) 


91. 


(Cancelled) 


92. 


(Cancelled) 


93. 


(Cancelled) 
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94. (Cancelled) 

95. (Cancelled) 

96. (Cancelled) 

97. (Cancelled) 

98. (Cancelled) 

99. (Cancelled) 

100. (Cancelled) 

101. (Cancelled) 

102. (Cancelled) 

103. (Cancelled) 

104. (Cancelled) 

105. (Cancelled) 

106. (Cancelled) 

107. (Cancelled) 

108. (Cancelled) 

109. (Cancelled) 

110. (Cancelled) 

111. (Cancelled) 

112. (Cancelled) 

113. (Cancelled) 

114. (Cancelled) 

115. (Cancelled) 

116. (Cancelled) 



117. (Cancelled) 



118. (Previously Presented) An apparatus according to claim 1, further comprising a 
load lock chamber connected to said process chamber. 

119. (Cancelled) 

120. (Previously Presented) An apparatus according to claim 68, said etching 
comprising reactive ion beam etching, said apparatus further comprising a source of reactive 
process gas connected to said ion source. 

121. (Previously Presented) An apparatus according to claim 58, said plasma etching 
utilizing a plasma generated by capacitive discharge, said plasma etching assembly further 
comprising an electrode and an alternating voltage source connected to said electrode. 

122. (Cancelled) 

123. (Cancelled) 

124. (Previously Presented) An apparatus according to claim 59, wherein one or more 
of a size of said gap and a power of said alternating voltage source are automatically controlled 
based on parameters set by a user. 
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125. (Previously Presented) An apparatus according to claim 124, said plasma etching 
assembly further comprising two or more gas inlets, said process gas comprising a mixture of 
two or more process gasses selected by a user. 

126. (Original) An apparatus according to claim 125, wherein said process gasses 
further comprise at least one of 0 2 , CF 4 and CHF 3 . 

127. (Previously Presented) An apparatus according to claim 1, said means for plasma 
etching further comprising two or more gas inlets, said plasma etching of said specimen utilizing 
a plasma generated from a mixture of two or more process gasses selected by a user. 

128. (Previously Presented) An apparatus according to claim 1, said means for plasma 
etching being usable to plasma clean said specimen by generating a plasma from a process gas 
including oxygen. 

129. (Previously Presented) An apparatus according to claim 1, wherein coating 
comprises ion beam sputter coating, said means for coating comprising a target formed of said 
conductive material, said ion source directing said ion beam at said target. 

130. (Original) An apparatus according to claim 129, said means for coating further 
comprising a lever supported by said vacuum chamber, said lever holding said target, said lever 
being selectively moveable into a position in which said ion beam is directed at said target. 
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131. (Previously Presented) An apparatus according to claim 1, said means for coating 
comprising a plurality of targets, each of said targets being formed of a conductive material, said 
ion source directing said ion beam at a selected one of said targets. 

132. (Original) An apparatus according to claim 131, said means for coating further 
comprising means for moving said selected one of said targets from a covered position to an 
exposed position. 

133. (Original) An apparatus according to claim 131, said means for coating further 
comprising a lever supported by said vacuum chamber, said lever holding said plurality of 
targets, said lever being selectively moveable into a position in which said ion beam is directed at 
said selected one of said targets. 

134. (Original) An apparatus according to claim 133, said plurality of targets being 
held by a target holder, said target holder being moveable among a plurality of positions, each of 
said positions exposing one of said targets and covering a remaining one or more of said targets. 

135. (Original) An apparatus according to claim 134, said target holder being rotatably 
supported by said lever, said target holder being rotatable among said plurality of positions. 

136. (Original) An apparatus according to claim 135, said target holder further 
comprising a plurality of pins, said vacuum chamber supporting an arm, said target holder being 
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selectively rotated by contact between said arm and any one of said pins. 

137. (Original) An apparatus according to claim 133, further comprising means for 
selectively exposing said selected one of said targets and covering a remaining one or more of 
said targets. 

138. (Cancelled) 

139. (Previously Presented) An apparatus according to claim 1, further comprising a 
sample stage being moveable to a plurality of processing positions inside said vacuum chamber 
under said continuous vacuum conditions for performing said removing, said plasma cleaning, 
said plasma etching and said coating of said specimen. 

140. (Original) An apparatus according to claim 139, said sample stage being 
automatically moveable among said processing positions based on parameters set by a user. 

141. (Original) An apparatus according to claim 140, said parameters including an 
order of movement among selected ones of said processing positions. 

142. (Original) An apparatus according to claim 139, said sample stage being 
moveable in a first direction along a vertical axis of said vacuum chamber, said apparatus further 
comprising means for detecting a first position of a surface of said specimen along said vertical 
axis, wherein said sample stage is moved automatically to said plurality of processing positions 
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based on said first position. 

143. (Original) An apparatus according to claim 142, wherein said first position is 
measured relative to a second position along said vertical axis. 

144. (Previously Presented) An apparatus according to claim 139, said sample stage 
being moveable in a first direction along a vertical axis of said vacuum chamber, said apparatus 
further comprising a beam generating device and a beam sensor supported by said vacuum 
chamber, said beam generating device and said beam sensor being used to detect a first position 
of a surface of said specimen along said vertical axis, wherein said sample stage is moved 
automatically to said plurality of processing positions based on said first position. 

145. (Original) An apparatus according to claim 144, wherein said first position is 
measured relative to a second portion along said vertical axis. 

146. (Original) An apparatus according to claim 144, said beam generating device 
comprising a laser. 

147. (Previously Presented) An apparatus according to claim 139, said sample stage 
being moveable in a first direction along a vertical axis of said vacuum chamber, at least a first 
portion of said sample stage that supports said specimen being rotatable about said vertical axis, 
and at least a second portion of said sample stage connected to said first portion being moveable 
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in a first angular direction with respect to said vertical axis. 

148. (Original) An apparatus according to claim 147, at least a third portion of said 
sample stage connected to said second portion being moveable in a second angular direction with 
respect to said vertical axis. 

149. (Previously Presented) An apparatus according to claim 139, said sample stage 
having at least three degrees of selective independent movement. 

150. (Original) An apparatus according to claim 149, sample stage having at least four 
degrees of selective independent movement. 

151. (Previously Presented) An apparatus according to claim 1, said process chamber 
having a first aperture adjacent said plasma generator, a first moveable shutter for selectively 
covering said first aperture, a second aperture adjacent said means for plasma etching, and a 
second moveable shutter for selectively covering said second aperture. 

152. (Withdrawn) A method for preparing a specimen for microscopy, comprising: 
determining a first position of a surface of said specimen along an axis of a 

processing chamber; 

automatically moving said specimen to one or more processing locations within 
said processing chamber based on said first position. 
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153. (Withdrawn) A method according to claim 152, said determining step further 
comprising determining said first position relative to a second position along said axis. 

154. (Withdrawn) A method according to claim 152, said determining step further 
comprising: 

generating a beam; 

directing said beam at a sensor; 

moving said specimen along said axis; 

establishing said first position when a predetermined level is measured by said 

sensor. 

155. (Withdrawn) A method according to claim 154, said beam comprising a laser 

beam. 

156. (Withdrawn) A method according to claim 154, said predetermined level 
comprising approximately 50% of a level measured when said sensor is completely unobscured. 

157. (Withdrawn) A method according to claim 156, said determining step further 
comprising: 

(a) moving said specimen along said axis to an obscuring position in which 
said sensor is completely obscured and setting a blocked position variable equal to said obscuring 
position; 

(b) moving said specimen along said axis to an unobscuring position in which 
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said sensor is completely unobscured, obtaining an unobscured sensor level reading, and setting a 
clear position variable equal to said unobscuring position; 

(c) moving said specimen to a midpoint position that is approximately 
halfway between a position equal to said blocked position variable and a position equal to said 
clear position variable; 

(d) obtaining a current sensor level reading at said midpoint position; 

(e) determining whether said current sensor level reading is equal to 
approximately 50% of said unobscured sensor level reading; 

(f) setting said first position equal to said midpoint position if said current 
sensor level reading is equal to approximately 50% of said unobscured sensor level reading; 

(g) setting said blocked position variable equal to said midpoint position if 
said current sensor level reading is less than approximately 50% of said unobscured sensor level 
reading and repeating steps (c) through (h) until said first position is set in step (f); and 

(h) setting said clear position variable equal to said midpoint position if said 
current sensor level reading is greater than approximately 50% of said unobscured sensor level 
reading and repeating steps (c) through (h) until said first position is set in step (f). 

158. (Previously Presented) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber; 

a sample stage, said sample stage being moveable to one or more processing 
positions inside said processing chamber, said processing position being defined by three 
dimensional coordinates; and 
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means for detecting a first position of a surface of said specimen within said 
processing chamber; 

wherein said sample stage is moved automatically to said one or more processing 
positions remote from said first position in any of three dimensions and at an angle relative to a 
beam impinging thereon. 

159. (Original) An apparatus according to claim 158, wherein said first position is 
measured relative to a second position along said axis. 

160. (Original) An apparatus according to claim 158, said processing positions 
including positions for performing one or more of etching said specimen, plasma cleaning said 
specimen, plasma etching said specimen and coating said specimen with a conductive material. 

161. (Previously Presented) An apparatus for preparing a specimen for microscopy, 
comprising: 

a processing chamber; 

a sample stage, said sample stage being moveable to one or more processing 
positions inside said processing chamber, said processing positions being defined by three 
dimensional coordinates; and 

a beam generating device and a beam sensor supported by said processing 
chamber, said beam generating device and said beam sensor being used to detect a first position 
of a surface of said specimen within said processing chamber; 

wherein said sample stage is moved automatically to said one or more processing 
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positions remote from said first position in any of three dimensions and at an angle relative to 
said beam generating device. 

162. (Original) An apparatus according to claim 161, wherein said first position is 
measured relative to a second position along said axis. 

163. (Original) An apparatus according to claim 161, said processing positions 
including positions for performing one or more of etching said specimen, plasma cleaning said 
specimen, plasma etching said specimen and coating said specimen with a conductive material. 

164. (Original) An apparatus according to claim 161, said beam generating device 
comprising a laser. 
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REMARKS 



Reconsideration of the application in view of the following remarks is respectfully 
requested. 

I. Status of the Claims 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137, 139-151, and 
158-164 are pending in this application. Claims 152-157 were withdrawn during prior 
prosecution, hi the Office Action mailed on November 6, 2009, claims 1, 3-7, 16-21, 24-31, 58- 
65, 68, 69, 73-75, 118, 120, 121, 124-135, 137-151 and 158-164 were rejected and claim 136 
was objected to as being dependent on a rejected base claim. 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137, 139-151 and 
158-164 remain under prosecution. 

II. Rejections Under 35 U.S.C. §112, First Paragraph 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137, and 139-151 
are rejected under 35 U.S.C. §112, first paragraph as failing to comply with the written 
description requirement. The Examiner states that there is no support for "selective spatial 
isolation of said means for plasma etching said specimen and said specimen from said plasma 
generator, said means for removing material and said means for coating said specimen when said 
means for plasma etching said specimen is operational." Specifically, the Examiner inquires 
what element isolates the means for etching from each of the devices. See Office Action page 2. 

Applicant respectfully requests reconsideration and withdrawal of the rejection because 
the Specification discloses several examples of the isolation of the etching means from each of 
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the other devices. Figure 1 illustrates one embodiment of the invention, showing a device in 

which specimens may be plasma cleaned, etched or coated alone or in combination under a 

continuous vacuum state. The specification describes Figure 1 as follows: 

Plasma cleaning, etching and coating apparatus 10 also includes etching 
and coating chamber 20 made of, for example, stainless steel or aluminum, 
in which a specimen may be etched, coated, or both. Plasma chamber 15 
and etching and coating chamber 20 are connected by vacuum valve 25, 
which may be manually or automatically actuated. Preferably, vacuum 
valve 25 is provided with interlocking capability to prevent inadvertent 
opening of vacuum valve 25 if plasma chamber 15 and etching and coating 
chamber 20 are at unequal pressures, such as where one is at atmospheric 
pressure while the other is under vacuum conditions. 

See Specification, page 17, lines 16-22. Thus, Figure 1 clearly illustrates an apparatus for 

preparing a specimen for microscopy in which an etching chamber is isolated from other devices. 

The device is provided with a vacuum valve to prevent the mixture of the contents of the plasma 

chamber 15 and etching and coating chamber 20. 

Figure 1 also shows a transfer rod 30 which accommodates one or more sub-mounted 

specimens 3. Transfer rod 30 moves back and forth between two separate chambers -plasma 

chamber 15 and etching and coating chamber 30-through vacuum valve 25. See Specification 

page 18, line 21 to page 19, line 1. Transfer rod 30 is described as functioning as follows: 

Etching and coating chamber 20 is at or near its base pressure of, for 
example, 10" 7 torr. Vacuum valve 25 is opened and transfer rod 30 is 
pushed into etching and coating chamber 20 until the gripper 32 is 
positioned in etching and coating chamber 20 and the specimen stub or 
stubs 7 engage specimen stage 35. Once the specimen stub 7 engages 
specimen stage 35, the gripper 32 on the end of transfer rod 30 releases the 
stub 7 and is retracted with transfer rod 30 through vacuum valve 25 and 
vacuum valve 25 is closed. 

Emphasis added. See Specification page 29, lines 1 1-17. 

The specification also describes moveable shutters or baffles positioned in front 

of viewing window 200 and magnetron sputtering head 105 to "further protect from 
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deposition of foreign material when not in use." These features are further described as 
follows: 

For example, the shutter over the magnetron sputtering head 105 prevents 
deposition of etching products from the ion beam etching onto the 
magnetron target surface; these products could otherwise be deposited 
onto the specimen during subsequent magnetron sputter coating. 
Similarly, the shutter over the viewing window 200 prevents deposition of 
etching and/or coating products on the viewing window; these products 
would otherwise interfere with the optical clarity of the window 200. 

See Specification page 28, lines 11-18. 

In addition, Figure 6 illustrates an apparatus including two vacuum vessels 610 and 620. 
The port for specimen introduction and removal, the plasma generator and RIE electrode are 
located in vessel 610, while the ion gun and sputter target are located in vessel 620. The two 
vessels are joined by a shared valve 630, which serves to isolate and/or connect the two vessels. 
See Specification page 34, lines 5-15. The specification also describes an additional 
embodiment where the valve 630 is replaced by a moveable baffle that, when closed, blocks the 
line-of-sight travel between vessels 610 and 620. 

Applicant respectfully asserts that specification provides sufficient description of the 
portion of the claimed apparatus responsible for isolating the means for etching from the other 
devices. The claims therefore satisfy the written description requirement of 35 U.S.C. § 112, 
first paragraph. Applicant respectfully requests that the Examiner reconsider and withdraw the 
rejection in view of at least the foregoing comments. 

Claims 1, 3-7, 16-21, 24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137 and 139-151 
are rejected under 35 U.S.C. §112, first paragraph as failing to comply with the written 
description requirement. The Examiner states that the specification does not disclose plasma 
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cleaning and coating of the specimen in the same chamber. The Examiner further states that Fig. 

I illustrates that these two processes are performed in two chambers. See Office Action page 3. 

Applicant respectfully requests reconsideration and withdrawal of the rejection because 

the Specification discloses several examples of the plasma cleaning and specimen coating 

processes occurring in the same chamber. The Examiner's attention is directed to Figure 5, 

which illustrates this single vacuum chamber. Figure 5 is described in the specification at page 

20, lines 15 - 21 and page 21, lines 17 - 20: 

In another embodiment of the present invention, shown schematically in Figure 5, the 
apparatus includes one vacuum vessel 510 having a vacuum pump 511 generally similar 
to vacuum pump 410 of Figure 4, a port for inserting and extracting specimens 1, a 
specimen stage 35 for holding an manipulating specimens 1, a plasma generator 520 for 
plasma cleaning, an ion gun 130 for ion beam etching, a moveable electrode 530 for 
performing RIE, and a sputter target 540 working in combination with ion gun 130 for 
depositing conductive coatings by an ion beam sputtering process. 

*** 

The apparatus shown in Figure 5 thus enables ion milling, plasma etching, plasma 
cleaning and/or coating steps to be performed in any order, any number of times, and 
according to various operating parameters while specimen 1 is under continuous vacuum 
conditions (emphasis added). 

In addition, the Specification at page 24, line 33 to page 27, line 17 and Figures 8, 10 and 

II describes a single chamber device. With reference to Figures 8 and 11, the device contains a 
plasma generator housed within shield 897 for plasma cleaning the specimen within the vacuum 
chamber. A sputtering process to coat the specimen is performed in the same chamber using an 
ion source 910 in combination with a sputter target ("Apparatus 800 is also adapted to deposit 
conductive coatings on specimen 835."). See Specification page 26, lines 27-28 and Figure 10. 
A moveable shutter 905 is provided in the vacuum chamber 805 that may move to cover the 
aperture 900 when plasma cleaning is not in process. This is done to protect the components of 
the plasma generator during other specimen preparation procedures. The specification therefore 
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describes a single chamber device which utilizes moveable shutters or baffles to separate or 
protect the different cleaning and coating devices. Although these mechanisms are fully 
separated from each other, they are still located within the same vacuum chamber. 

Applicant respectfully asserts that specification provides sufficient description of a single 
chamber system. The claims therefore satisfy the written description requirement of 35 U.S.C. § 
112, first paragraph. Withdrawal of the rejection is respectfully requested. 

III. Rejections Under 35 U.S.C. § 103 

The Examiner rejected claims 1, 3-7, 21, 24, 25, 58-64, 68, 69, 73, 74, 121, 124, 129, 
139, 140, 141, 142, 143, 149 and 151 under 35 U.S.C. § 103(a) as being obvious over Siebert, 
United States Patent No. 4,858,556 in view of Moslehi, United States Patent No. 6,051,113, 
Mahler, United States Patent No. 4,595,483 and Miyoshi, United States Patent No. 6,325,857. 
See Office Action pages 4-10. 

The Examiner rejected claims 16 and 65 under 35 U.S.C. § 103(a) as being obvious over 
Siebert in view of Moslehi, Mahler, Miyoshi and further in view of Ameen, et al., United States 
Patent No. 6,143,128. See Office Action page 9. 

The Examiner rejected claims 17-20 under 35 U.S.C. § 103(a) as being obvious over 
Siebert in view of Moslehi, Mahler, Miyoshi and Ameen, and further in view of Chang, et al., 
United States Patent No. 6,434,814. See Office Action page 10. 

The Examiner rejected claims 26-29, 75, 147, 148 and 150 under 35 U.S.C. § 103(a) as 
being obvious over Siebert in view of Moslehi, Mahler, Miyoshi and further in view of Mitro, et 
al., United States Patent No. 5,922,179. See Office Action page 11. 
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The Examiner rejected claim 30 under 35 U.S.C. § 103(a) as being obvious over Siebeit 
in view of Moslehi, Mahler and Miyoshi and further in view of Kobayashi, et al., United States 
Patent No. 5,340,460. See Office Action page 12. 

The Examiner rejected claim 31 under 35 U.S.C. § 103(a) as being obvious over Siebert 
in view of Moslehi, Mahler and Miyoshi and further in view of Holland, United States Patent 
No. 5,31 1,725. See Office Action pages 12-13. 

The Examiner rejected claim 118 under 35 U.S.C. § 103(a) as being obvious over Siebert 
in view of Moslehi, Mahler and Nomura and further in view of Nomura, et al., United States 
Patent No. 6,641,703. See Office Action page 13. 

The Examiner rejected claims 120 and 125-128 under 35 U.S.C. § 103(a) as being 
obvious over Siebert in view of Moslehi, Mahler and Miyoshi and further in view of Chang, et 
al, United States Patent No. 6,434,814. See Office Action pages 13-14. 

The Examiner rejected claims 130-135 and 137 under 35 U.S.C. § 103(a) as being 
obvious over Siebert in view of Moslehi, Mahler and Miyoshi and further in view of Hurwitt, 
United States Patent No. 3,756,939. See Office Action pages 14-15. 

The Examiner rejected claims 144-146 under 35 U.S.C. § 103(a) as being obvious over 
Siebert in view of Moslehi, Mahler and Miyoshi and further in view of Baldwin, et al., United 
States Patent No. 6,419,802. See Office Action pages 15-16. 

The Examiner rejected claims 158-160 under 35 U.S.C. § 103(a) as being obvious over 
Moslehi in view of Mitro and Baldwin. See Office Action pages 16-17 

The Examiner rejected claims 161-164 under 35 U.S.C. § 103(a) as being obvious over 
Moslehi in view of Mitro and Baldwin. See Office Action pages 18-19. 
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The claimed invention requires that the plasma etching functionality be isolated from the 
other component functionalities of the device when said means for plasma etching said 
specimen is operational. As explained previously, this spatial limitation requires that the highly 
corrosive etching hardware be separated physically from the other functional devices. Applicant 
continues to contend that this is not taught nor suggested in the prior art. The Siebert reference 
does identify a shutter which rotates to expose the specimen to the appropriate operative 
hardware, and which is stated to provide additional substrate protection. However, no further 
disclosure is made and Fig. 7 merely identifies it as a standalone, line of sight shield between the 
various operative hardware and the specimen. Moreover, the testing or detection devices of the 
Siebert reference are still contained within the chamber with the specimen. The shutter is not 
shown to spatially separate the specimen and plasma etching mechanism from the other 
operative components. The Examiner relies on a single, nonspecific reference to other devices, 
"the sources 18 may be any of a number of different types of sources. . ." (col. 12, lines 24-25). 
This is the Examiner's basis for linking three additional references to arguably find all of the 
elements of the claimed invention. 

KSR International Co. v. Teleflex Inc., 550 U.S. 398, 127 S.Ct. 1727, 167 L.Ed.2d 705 

(2007) disposes of the heretofore enunciated standard requiring a teaching, suggestion or 

motivation to combine references, in order to avoid improper hindsight reconstruction. Id. at 

1742. The TSM standard has not been completely disavowed, however. A flexible TSM 

standard has been approved by the United States Court of Appeals for the Federal Circuit, 

following the KSR ruling. 

[T]he Supreme Court advised that 'common sense' would extend the use of 
customary knowledge in the obviousness equation: 'A person of ordinary skill is 
also a person of ordinary creativity, not an automaton.' Id. Thus, the Supreme 
Court set aside any 'rigid' application of the TSM test and ensured use of 
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customary knowledge as an ingredient in that equation. The Supreme Court 
observed that this court had also 'elaborated a broader conception of the TSM test 
than was applied in [KSR ]. Id. at 1743. Specifically the Court referred to DyStar 
Textilfarben GmbH & Co. v. CM. Patrick Co., wherein this court noted: '[o]ur 
suggestion test is in actuality quite flexible and not only permits, but requires, 
consideration of common knowledge and common sense.' 464 F.3d 1356, 1367 
(Fed.Cir.2006) (emphasis original). The Court suggested that this formulation 
would be more consistent with the Supreme Court's restatement of the TSM test. 
KSR Int'l Co., 127 S.Ct. at 1739. In any event, as the Supreme Court suggests, a 
flexible approach to the TSM test prevents hindsight and focuses on evidence 
before the time of invention, see, e.g., In re Rouffet, 149 F.3d 1350, 1357 
(Fed.Cir.1998), without unduly constraining the breadth of knowledge available 
to one of ordinary skill in the art during the obviousness analysis. 

In re Translogic Technology, Inc., 504 F.3d 1249, 1260 (Fed.Cir. 2007). Pre-TSM 

courts utilize standards which are entirely consistent with this formulation. In re Fine, 837 F.2d 

1071, 1073-75 (Fed.Cir. 1988), states: 

To reach a proper conclusion under § 103, the decisionmaker must step backward 
in time and into the shoes worn by [a person having ordinary skill in the art] 
when the invention was unknown and just before it was made. In light of all the 
evidence, the decisionmaker must then determine whether ... the claimed 
invention as a whole would have been obvious at that time to that person. The 
answer to that question partakes more of the nature of law than of fact, for it is an 
ultimate conclusion based on a foundation formed of all the probative facts ... It 
can satisfy this burden only by showing some objective teaching in the prior art 
or that knowledge generally available to one of ordinary skill in the art would 
lead that individual to combine the relevant teachings of the references ... It is 
essential that 'the decisionmaker forget what he or she has been taught at trial 
about the claimed invention and cast the mind back to the time the invention was 
made ... to occupy the mind of one skilled in the art who is presented only with 
the references, and who is normally guided by the then-accepted wisdom in the 
art. ' One cannot use hindsight reconstruction to pick and choose among isolated 
disclosures in the prior art to deprecate the claimed invention (citations omitted). 

In this case, as in Ortho-McNeil Pharmaceutical, Inc. v. Mylan Laboratories, Inc., 520 

F.3d 1358 (Fed.Cir. 2008), the references amply support a finding of nonobviousness. "The 

challenges of this inventive process would have prevented one of ordinary skill in this art from 

traversing the multiple obstacles to easily produce the invention in light of the evidence available 

at the time of invention." Id. at 1365. Siebert merely discloses the potential use of other sources. 
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It contains no further disclosure, nor any separation therebetween. Figure 2 identifies the 
different sputter and ion beam sources as all interchangeable above a rotating shutter. The 
shutter itself is merely a movable shade to temporarily block the emissions of the source from the 
specimen. Miyoshi discloses a chamber which is utilized to prepare a reactive material for 
exposure to the specimen. The chamber is sealed by a movable shutter. The shutter is closed to 
allow the reactant materials to enter the chamber in a controlled environment. When the reaction 
has produced the appropriate products, the shutter is opened and the specimen is exposed to 
the material. The shutter is therefore utilized to encapsulate the reactive materials, not shield 
the specimen or other fixtures in the chamber. Contrary to the Examiners assertions, the shutter 
of Miyoshi would not function to isolate one means from another so that the different processes 
do not affect the functionalities of the other components. In the most recent office action, the 
Examiner has stated, on Page 8, "[r]egarding isolating the etching means form[sic] the other 
means (claim 1), Miyoshi teach[sic] a shutter which isolates [sic] means from an etching means" 
(referring to column 9, lines 62-68 and column 10, lines 1-4. This specific reference to Miyoshi 
teaches that the shutter is utilized to shield the catalyzer holder 2 (the source) from the operation 
of the cleaning device 5. The shutter 4 is utilized to shield the catalyzer (source) from the 
operation of the cleaner which is utilized to clean the interior of the chamber and specimen 
stage when the device is not in operational use to perform any etching, cleaning or coating of 
a specimen. Neither Siebert nor Miyoshi teaches or suggests that a shutter may be utilized to 
shield different reactive components or fixtures during the use of other source components 
within a closed vacuum chamber during the operation of a source on the specimen. This is not a 
case where one element has merely been substituted for another. A rote combination of the 
teachings of Sieber, Moslehi, Mahler and Miyoshi would not result in the claimed invention. 
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The combination yields more than a predictable result, as required by United States v. Adams, 

383 U.S. 39, 50-51 (1966), cited with approval by KSR. The claimed invention combines the 

heretofore disparate functionalities of plasma cleaning, etching with plasma and otherwise, and 

coating are all performed in the same chamber under continuous vacuum. This is especially true 

of plasma etching, which does not readily combine with other processes. None of these 

references recognizes the need to isolate the plasma etching function during operational etching 

of the specimen with particularity, nor do they recognize any need for separation of the 

functions. To stuff all of the identified features in a box does not yield a useful device. Even 

placing the Miyoshi reaction chamber into a common vacuum chamber would not yield the 

claimed device, as the device segregates the plasma etching function while operational with 

respect to the substrate, and not as a preparatory or maintenance step. 

As stated by the Examiner, some hindsight is necessary in any obviousness evaluation. 

However, the MPEP clearly states: 

Knowledge of applicant's disclosure must be put aside in reaching this 
determination, yet kept in mind in order to determine the 'differences,' 
conduct the search and evaluate the 'subject matter as a whole' of the 
invention. The tendency to resort to 'hindsight' based upon applicant's 
disclosure is often difficult to avoid due to the very nature of the 
examination process. However, impermissible hindsight must be avoided 
and the legal conclusion must be reached on the basis of the facts gleaned 
from the prior art. 

MPEP §2142. Applicant respectfully reasserts that the Examiner is applying impermissible 
hindsight in the evaluation of the above-cited prior art references. None of the prior art 
references, either alone or in combination, teaches or suggests a shutter to shield different 
reactive components or fixtures during the use of other source components during the operation 
of a source on the specimen. Withdrawal of the rejection is respectfully requested. 
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CONCLUSION 



Based on the foregoing remarks, Applicant respectfully submits that claims 1, 3-7, 16-21, 
24-31, 58-65, 68, 69, 73-75, 118, 120, 121, 124-137, 139-151, and 158-164 are in condition for 
allowance. 

Applicants believe there are no fees necessary to file this Response. If this is incorrect, 
the Office is hereby authorized to charge any additional fees under 37 C.F.R. § 1.17 to the 
deposit account number 50-0525. 

Respectfully submitted, 

By /Barry I. Friedman/ 

Barry I. Friedman, Reg. No. 33,695 
METZ LEWIS LLC 
11 Stanwix Street, 18 th Floor 
Pittsburgh, Pennsylvania 15222 

Dated: February 8, 2010 
(412)918-1100 
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[57] ABSTRACT 

A physical vapor deposition system is disclosed for 
routinely achieving unprecedented processing unifor- 
mity of thin films on substrates of a size comparable to 
or larger than the source. The system includes a plural- 
ity of substrates; a plurality of deposition, etching, and- 
/or heating sources; a plurality of mobile in-situ process 
monitors for obtaining the fundamental processing pro- 
files that characterize the processing properties of each 
source; and mobile fixturing responsive to the funda- 
mental processing profiles for effecting prescribed mo- 
tion scenarios of the substrate relative to the source; to 
thus provide the means for achieving extremely uniform 
as well as an unprecedented range of prescribed non- 
uniform final thin film processing profiles, irrespective 
of the size of the substrate relative to the size of the 
source. 

47 Claims, 16 Drawing Sheets. 
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the laboratory and into production is one of the major 
METHOD AND APPARATUS FOR PHYSICAL problem areas in the industry. 

VAPOR DEPOSITION OF THIN FILMS The source size can be reduced substantially by using 

various techniques to shape the source distribution to 
BACKGROUND OF THE INVENTION 5 give more uniform thickness deposition. However, this 

approach also has its problems. First, because each 
The present invention relates to a method and appara- poin{ Qn ft flxed substrate has a different spatial relation- 
tus for the deposition, etch, and/ or thermal processing ship t0 an exteiK } e d source, the homogeneity of the film 
of thin films in physical vapor deposition ( PUD) sys- can vary substantially over the substrate even when its 
terns. 10 thickness is uniform, especially for reactively deposited 

Processing of increasingly pure and uniform thin films. Second, each source material has different shap- 
filmsofa wide variety of materials onto an equally wide mg requirements which makes this approach tedious 
variety of types and sizes of substrate materials is a key anc j consuming. Finally, as the source material 
processing requirement in the manufacture of many erodes away its deposition profile changes, requiring 
high technology products including integrated circuits, 15 that its source distribution be re-shaped or that it be 
magnetic and optical memory media, active and passive replaced with a new target, often after only a few per- 
solar energy devices, and optical coatings. There are ce nt target utilization. 

several types of processes that may be carried out in Various types of substrate motion, when combined 
PUD systems including thermal evaporation, ion-beam with the above techniques for controlling the source 
etching and magnetron sputtering, and molecular-beam 20 distribution, are quite effective in minimizing many of 
epitaxy to mention just a few. the problems cited above. Mobile planetary substrate 

A common problem with each of these processes is fixturing used in the industry is illustrative of this ap- 
how to uniformly process high-purity homogeneous proach. These are typically constant speed mechanisms 
films over any given substrate area, while maintaining with one or more degrees of freedom designed to aver- 
acceptable commercial throughputs and source efficien- 25 age the source distribution over large substrate areas in 
cies. This problem is illustrated in FIG. 1 for the partic- a manner that produces more uniform processing. The 
ular case of a ring magnetron sputtering source, al- advantages of reduced source size and improved umfor- 
though the following discussion is equally applicable to mity that result from substrate motion durmg the pro- 
all sources commonly utililized in PUD systems. As cessing are quite significant assuming that the process- 
shown in FIG. 1, the distribution of sputtered material 30 mg environment is sufficiently clean to assure very pure 
at the substrate plane is highly nonuniform. The ampli- Pressing even though the substrate repeatedly moves 
aii.ucouuoii.aLo yiam, B , r . d f j processmg area as a consequence of 

tude (deposition rate and shape (profile) of to distn- P as J implemented by the 

button depend not only on the type, design, and operat- equipment industry, these planetaries do no more 

ing conditions (e.g., deposition chamber pressure^ o the differences ^ SQ J e distributions , SU ch as 

source, but also on the particular source materia (tar- » different SQurce materials md states pf 

get), the state of erosion (usage) of the source material, Furthermorei constant sp eed planetaries are 

and the source-to-substrate spacing. (Note that the inefficient when used for R&D because they are 

properties of the substrate may also influence the source d( f si ed for acmev ing uniform processing over the 
distribution. For most sources on PUD systems this ^ ^ lanetary surface) not just selected smaller por- 
influence is typically small and/or predictable. This is to tions ^ wouU be more appropriate for R&D applica- 
be contrasted with other thin film processing techniques 

such as chemical vapor deposition (CUD), where the As a result> nQ better than 99.95% pro cess uniformity 
effect of the substrate on the deposition may be a dorm- is thg ourrent advertised state-of-the-art performance 
nate factor.) 45 specification for PVD equipment using various combi- 

The PUD equipment industry had developed the nat i ons 0 f these shaping and averaging techniques, 
following techniques for achieving more uniform pro- w h;i e ai s0 mamtaining useful product throughputs and 
cessing of thin films: source efficiencies. 

a. Use processing sources much larger than the sub- 

strates. * 50 SUMMARY OF THE INVENTION 

b. Use tuning electric and magnetic fields, shadow The approach to the present invention efficiently and 
masks, etc. to shape the source distribution. reliably improves on the current state of the art in thin 

c. Use substrate motion to average the source distri- f um processing uniformity, especially over substrates of 
bution. a size comparable to or larger than the source, by pro- 

d. Various combinations of the above. 55 viding a technique capable of quickly, accurately, and 
The problem with the first brute-force technique is its routinely dealing with the effects of differences and/or 

obvious inefficiency. Not only is it wasteful and expen- changes in various source profiles. The technique is 
sive, especially for precious metal depositions, the use based on the premise that if one has complete knowl- 
of very large sources sets off a chain reaction of in- edge of a source distribution (of any shape), and also has 
creased size and cost and reduced versatility in the 60 complete control of a mobile substrate fixture (scanner) 
PUD equipment design and performance. In particular, capable of placing any given point on the substrate at 
research and development (R&D) in a production PVD any given position in the source distribution for any 
system (or vice-versa) is a difficult, expensive, and unre- period of time, then it should be possible to find a 
warding undertaking. Using separate systems for R&D source-substrate motion scenario that produces arbitrar- 
and production is one approach, but this requires that 65 ily high uniformity processing over substrate areas of 
processing techniques developed on an R&D system be arbitrary size. For a time-independent source distribu- 
efficiently and accurately transferred to a production tion (i.e., constant processing rate), a time-varying mo- 
system. This time required in getting the product out of tion scenario of the substrate relative to the source is 
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typically required. Alternatively, a constant speed mo- mechanically, a scanner with three degrees of freedom 
tion scenerio might be combined with a time-varying is fully consistent with the hardware approach, operat- 
source distribution to achieve the same final processing ing principles, and high uniformity processing of this 
profile. The actual motion scenario and/or time varying invention. 

processing rates used during a given process are deter- 5 In summary, in the present invention it has been dem- 
mined by the corresponding uniformity requirements. onstrated both theoretically and experimentally that 
The above premise is implemented in one illustrative non-linear motion scenarios of a substrate with respect 
embodiment of the invention using a horizontal flat- to a source can be used to produce extremely uniform 
plate planetary substrate fixture as shown in FIG. 2 processing in both thickness and homogeneity over 
(side view) and FIG. 3 (plan view). This planetary has 10 substrate areas of arbitrary size from both directional 
two degrees of freedom: spin rotation of the individual and nondirectional sources of all types, even when the 
substrate carriers about their centers, as indicated by the source distributions are highly nonuniform on the scale 
arrow A in FIG. 3, and orbital rotation of the main plate of interest. 

holding these carriers about its center, as indicated by In spite of this demonstrated capability for producing 
arrow B. This means that the center of any substrate 15 extremely uniform processing from highly nonuniform 
carrier can be positioned at any point on its orbit be- source distributions, the commercial usefulness of this 
neath a given source, as shown in FIGS. 2 and 3. For processing technique depends upon whether it can also 
any given orbital position, the spin of the substrate car- be implemented in a manner consistent with reasonable 
riers ensures circularly symmetric processing about the throughput and efficiency expectations for this type of 
center of the substrate carrier. Depending on the hori- 20 equipment. The following are brief description of cer- 
zontal distance between the center of the source and the tain key elements of the invention which may be em- 
center of the substrate carrier, a wide and continuous ployed to provide reasonable throughput and effi- 
range of spin-averaged substrate processing profiles can ciency, in addition to unprecedented high performance, 
be generated Four specific examples of equal-time pro- Sour£je Processi Monitor 

cessing profiles as a function of center-to-center hon- 25 

zontal distance are shown in FIG. 4 for the actual case Precise knowledge of the source distribution is re- 
of a quartz deposition from an RF magnetron source. quired in order to predict the non-linear motion sce- 
Note that when the center-to-center distance is zero, the nario that is required to achieve processing of specified 
carrier is centered under the source, and the substrate uniformity over a specified area. Because of changes in 
deposition profile is the source distribution profile dis- 30 source operating conditions and/or characteristics (e.g., 
cussed above (e.g., FIG. 1). By varying this distance as amount of target erosion), the source distribution may 
a nonlinear function of time , a weighted superposition vary significantly from run to run. Conventional tech- 
of processing profiles on the substrate is obtained. FIG. niques for calibrating (measuring the amplitude and 
5 is an example of how a weighted superposition can be shape) of source distributions, such as stylus measure- 
used to achieve >99% thickness uniformity over a 35 ments of step heights on test substrates, are not in situ 
4-inch diameter substrate, even though the source distri- and are tedious and time consuming. Commercial 
bution is highly nonuniform over the same area. quartz crystal real-time deposition monitors are in-situ 

It is important to note that this particular example of devices, but must be operated as fixed-point (stationary) 
a motion scenerio is just one of many possible motion monitors because of cumbersome electrical and/or wa- 
scenarios capable of achieving essentially equivalent 40 ter-cooling interfaces. In the present invention, a com- 
thickness uniformity over the same substrate area. It is a mercially available quartz crystal monitor has been 
feature of the invention that one can choose the best custom modified for mobile operation and incorporated 
motion scenario for optimizing both processing homo- directly onto the scanner. Custom-designed control 
geneity and processing thickness uniformity simulta- electronics for this monitor provide an efficient inter- 
neously. For instance, a high-speed continuous motion 45 face for optionally computer controlled amplitude and 
scan is preferred over the stop-and spin scan illustrated shape calibration of any source (except heaters, which 
in FIG. 5, when deposition homogeneity is a primary require a separate mobile thermal processing monitor) 
consideration (e.g., during reactive depositions). In just prior to substrate processing. This quick (< 1 min- 
practice, this requirement must be traded off against the ute) and accurate way of updating the source distribu- 
mechanical limitations of the particular scanner system 50 tion in a timely manner is an important feature in its.own 
employed. right, especially compared to the current alternatives 

It should also be noted that in this particular illustra- which are not in situ and take hours to generate equiva- 
tive embodiment of the invention it is assumed that the lent information. The monitor of the present invention 
processing is isotropic (nondirectional), which is typical is equally effective in measuring etch rates and profiles 
of sputtering sources. When directionality of the source 55 generated by a collimated ion-beam source. This feature 
becomes a factor, such as with ion- or electron-beam alone provides the capability of efficiently combining in 
sources, uniformity in all processing properties is still one system the full capabilities of different sources as 
obtained as described above whenever the beam from indicated in FIG. 2 that traditionally have been kept 
the source is normal with respect to the substrate sur- separated. In addition to the obvious cost savings, this 
face, or even when the beam is not normal if the surface 60 combination of capabilities in one system opens the 
of the substrate is insensitive to the directionality of the door to certain kinds of substrate processing that were 
beam with respect thereto. Depending on the orienta- previously unattainable. Note that in measuring etch 
tion of grooves, step edges, etc. on the surface of the rates as opposed to deposition rates, the quartz crystal 
substrate, the surface may be sensitive to such direction- sensor must be precoated with the material of interest, 
ality. If so, a further degree of motion of the substrate 65 The availability of a variety of deposition sources in the 
with respect to the source must be added, such as radial same vacuum system with the ion-beam etching source 
movement of an orbiting planetary, in order to achieve makes this precoating requirement both simple and 
totally uniform processing. Although more complicated quick, and the corresponding etch rate measurements 
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are very accurate. This is to be contrasted with the sity for the useful operation of any PVD system. How- 
traditional rrfethod of characterizing ion-beam sources ever, since this invention offers substantial improve- 
that uses a Faraday cup to measure the ion-beam cur- ments over the prior state of the art in processing urn- 
rent. This method is clearly less satisfactory because the formity, the necessity for corresponding improvements 
ion-beam current is only indirectly related to the actual 5 in the control of the processing environment are to be 
etch rates of the various materials of interest, and is expected. In this invention no new technology has been 
insensitive to the presence of high-energy neutral atoms introduced for achieving enhanced process control, 
that also contribute to the etch rate. However, a mobile Rather, considerable care and attention to detail has 
Faraday cup ion-beam current monitor has also been been exercised in the choice and operation of commer- 
incorporated into the present invention because of its 10 cially available pressure and source controllers. The 
complementary measurement capabilities. The impor- one possible exception is the use of a custom-designed 
tance of this mobile in-situ quartz monitor to the effi- passively-controlled high-purity gas feed system, which 
ciency of the present invention cannot be overstated. provides an ideal combination of performance, ver- 
Although it is often possible to implement the process- satitility, and reliability within the context of the cur- 
ing technique of this invention without relying heavily 15 rent implementation of the invention, 
on this in-situ monitor (e.g„ some pure metal sources c Precision Scanner 

have fairly constant deposition profiles), its presence ' 

vastly enhances efficiency and simplifies operations . A precision motion mechanism is required for 
even for these special cases. For processing where the quickly, accurately, and reproducibly positioning the 
source distributions often vary substantially from run to 20 substrates and mobile source monitors relative to any 
run (e.g., reactive sputtering or ion-beam milling), the given source distribution in order to successfully imple- 
presence of this in-situ monitor is indispensable to ment the invention. The more rapid the motion of this 
achieving useful commercial throughputs using this mechanism, the higher the quality of processing in 
processing technique. In addition, the existence of this every respect (e.g., deposition homogeneity and sub- 
monitor in a multi-source system enormously simplifies 25 strate throughput). The current implementation is a 
establishing the absolute deposition rates of the various planetary system with two independent degrees of free- 
sources, which typically must be frequently updated. dom (orbit and spin) with reproducible orbital position- 
Although a quartz crystal monitor is not an absolute ing accuracy better than 0.010-inches. This is a higher 
processing monitor because its response varies as a func- performance version (e.g., higher precision bearings, 
tion of crystal life, its relative response to processing 30 higher tolerance parts) of conventional flat-plate plane- 
from different sources is not a function of crystal life, at tary fixtures that are commercially available, and is just 
least to first order. Given that the relative crystal re- one possible implementation of any number of possible 
sponse of the mobile monitor to processing from all the motion mechanisms for changing the source-substrate 
different sources of interest has been measured once, relative postitioning (including moving the source). In 
measuring the absolute processing rate of just one 35 any case, for any given process, the required positioning 
source provides an absolute calibration update of the accuracy depends on the specified uniformity require- 
quartz monitor for all sources. This is to be constrasted ments. 

with the traditional approach of using dedicated fixed computer Control, Data Acquistion and Analysis 

point quartz monitors for each source, where the rela- r 

tive response to different source processing is irrele- 40 The computation time involved in calculating the 
vant, and absolute deposition rate updates must be car- scanner motion required to achieve processing of any 
ried out for each monitor-source pair. Finally, it is clear specified uniformity over any specified area from any 
that this particular aspect of the invention has consider- given source distribution is formidable. Only with the 
able stand-alone significance. The need for a quick and advent of the most recent generation of portable instru- 
accurate method of measuring the shape and amplitude 45 ment control computers has it been possible to meet 
of source distributions in situ is a universal need such a requirement in a practical way on the time scale 
throughout the PVD equipment industry. A stand- of interest. A second feature of these high-speed com- 
alone unit consisting of a quartz monitor, scanning puters is enhanced processing reliability. A problem 
mechanism, vacuum feedthroughs, readout electronics, with any computer-controlled process operating in an 
and dedicated computer controller and data acquisition 50 industrial environment is electrical-noise induced pro- 
system is thus a futher important aspect of this inven- cessing errors. Processing reliability is of particular 
t i on- importance in this invention, where errors in the sophis- 

ticated and high-speed planetary motion might easily go 
b. Process Control unnoticed, even by a perceptive observer. A high-speed 

The in-situ processing monitor carries out the source 55 computer provides the luxury of at least double-check- 
calibration just prior to, rather than during, the sub- ing most commands before proceding. 
strate processing. This is necessary because usefully Efficient, Mobile, Front-side Heater 

placed real-time processing monitors significantly ob- 
struct the source distribution, especially when the sub- A mobile radiative heater is important to the overall 
strates are of a size comparable to or larger than the 60 success of thin film processing systems of the present 
source distribution. Therefore, the effectiveness of the invention, since in many applications there is a need to 
processing technique of this invention depends directly heat substrates under vacuum over a wide temperature 
on how similar the source distribution is during sub- range (100° -600° C.) just prior to or during the process- 
strate processing to what it was during calibration. To ing of thin films. The present invention incorporates a 
achieve this required similarity, at a minimum the total 65 front-side radiative heater of uniquely high mobility 
processing environment must be precisely and repro- that permits the uninhibited operation of the rest of the 
ducibly controlled thoughout the entire processing pro- system without asking the user to do without a real-time 
cedure. A controlled processing environment is a neces- heater. The keys to this aspect of the invention are the 
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use of material with a strong temperature coefficient of 
resistance for the heating element and the mounting of 
the heater onto the rotary shutter (FIG. 2). A strong 
temperature coefficient makes it possible to simulta- 
neously use the heating element as the sensor for moni- 5 
toring the heater temperature. In addition, by using a 
constant-voltage, current-limited power supply as the 
source controller for positive coefficient heating ele- 
ments (vice-versa for negative coefficient heating ele- 
ments), a significant degree of temperature regulation is 10 
also achieved. Thus, only one high-vacuum electrically- 
insulated feedthrough is required to power, monitor, 
and regulate this implementation of a radiative heater, 
which may be a thick-film platinum resistor patterned 
onto an insulating ceramic substrate. It is this aspect of 15 
the heater design that makes possible its phenomenal 
mobility within a high-vaccum chamber/In the present 
invention there is the capability for rapidly oscillating 
the substrate carriers between any two sources, so that 
• heating during processing can be readily achieved in 20 
this manner, where the heat source is preferably adja- 
cent to the processing source of simultaneous interest. 
Since the system may have five or more processing 
sources, a highly mobile heater is required in order to 
satisfy the processing requirement that the heater be 25 
adjacent to the processing source of interest whenever 
sequential preheating or heating during the processing 
is required. This is accomplished by mounting the 
heater on the rotary shutter, and using a sliding electri- 
cal contact positioned on the axis of rotation of the 30 
shutter as the electrical interface between the heater 
and its power supply. Finally, the mobile front-side 
radiative heater as implemented in this invention is 
extremely efficient, in that most of its energy couples 
directly into the substrate and not to the surroundings. 35 
This is in direct contrast with most commerically avail- 
able radiative heater implementations (e.g., quartz-tube 
radiative heaters), where coupling efficiencies are often 
so low that the maximum allowable substrate tempera- 
tures are dictated by the temperature limitations of the 40 
surroundings. 

f. Mobile Substrate Carrier Heat Sinks 

In many applications there is a need to heat sink the 
substrates in order to stabilize the processing tempera- 45 
tures. The conventional approach of using water- 
cooled the substrate carrier is incompatible with the 
current implementation of this invention where the 
substrates must be extremely mobile. Various phase- 
change materials with high heats of transformation have 50 
been incorporated into the substrate carriers of the pres- 
ent invention in order to provide a wide range of stable 
processing temperatures without restricting carrier mo- 
bility. For example, calcium chloride hexahydrate 
sealed into an aluminum or stainless steel substrate car- 55 
rier provides an effective 27° C. mobile substrate heat 
sink for use in this invention. 

The significance of the processing techniques of the 
present invention are summarized below: 

a. High quality thin film processing with uniformities 60 
exceeding 99% are now possible without significant 
compromises in throughput. Relevant applications for 
this unprecedented uniformity include the fabrication of 
optical and magnetic memory disk storage media, active 
and passive semiconductor devices (particularly on 65 
large monolithic circuits), and passive electrical compo- 
nents for hybrid integrated circuits. Device reproduc- 
ibility resulting from very uniform processing over 



large substrate areas improves yield and can eliminate 
the need for time consuming and expensive trimming 
operations that are currently often required. Similarly, 
compositional uniformity is a key requirement in the 
production of reproducible and stable thin-film resis- 
tors. Although not as common a processing require- 
ment, the prescribed nonuniformity capability of this 
invention is also quite significant. An example of an 
application where a thin-film processing of specified 
nonuniformity would be useful is in the fabrication of 
spatially-varying optical elements, such as apodizing 
filters. 

b. A wide variety of small, high-performance PVD 
sources can be combined on the same PVD system to 
provide unprecendented versatility and capability 
within the same system. Since the source distributions 
may be continuously updated, the type and design of the 
sources are not critical and extremely high target utili- 
zation is routinely achieved. Relevant applications for 
the simultaneous use of different types of sources on 
PVD systems includes planarization of coatings on 
highly structured substrate surfaces by combining the 
step-coverage properties of magnetron sputtering with 
the highly directional etching properties of a variable 
angle-of-incidence ion-beam source focused onto a ro- 
tating substrate. Similarly, the ion-beam source may be 
used to carry out dry-etch pattern delineation on hygro- 
scopic materials, which may then be hermetically sealed 
without breaking vacuum with a conformal sputtered 
thin-film protective layer. 

c. R&D activities can be carried out with great effi- 
ciency, and then scaled up to production-size substrates 
(up to 8-inches in diameter in the current configuration) 
without changing sources or fixturing. This is because 
the areas of high-uniformity processing can be tailored 
to match the substrate size and uniformity requirements 
of any give processing task simply by programming the 
computer accordingly. In this way, the approach of the 
present invention can be used to efficiently and pain- 
lessly bridge the gap between initial fabrication of one- 
of-a-kind R&D devices and the production of the same 
devices at useful commercial throughputs. 

Other advantages and applications of this invention 
will be apparent from a reading of the following specifi- 
cation and claims taken with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a typical PVD 
source illustrating the deposition profile thereof, 

FIG. 2 is a diagrammatic side view of an illustrative 
PUD system in accordance with the invention. 

FIG. 3 is a plan view of the orbiting planetary sub- 
strate fixture of FIG. 2. 

FIG. 4 illustrates a set of hypothetical processing 
profiles. 

FIG. 5 illustrates an optimized set of hypothetical 
deposition profiles, including the total (combined) de- 
position profile. 

FIG. 6 is a functional hardware block diagram of an 
overall illustrative system in accordance with the inven- 
tion. 

FIG. 7 is a component hardware block diagram of an 
illustrative embodiment of the overall system of FIG. 6. 

FIG. 8 is a cross-sectional view of an illustrative 
phase-change substrate carrier in accordance with the 
invention. 

FIG. 9 is a diagrammatic illustration of an illustrative 
mounting of an ion-beam source inclined at an angle 
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with respect to the axis of rotation of a spinning sub- subsystem of this type is commercially available from 
strate carrier. MKS Instruments Corporation. However, in the pres- 

FIG 10 is a diagrammatic illustration of an illustra- ent invention where many different types of sources 
tive mounting of a crossed-beam fixture for simulta- may be employed simultaneously, it is usually necessary 
neous secondary-ion deposition and ion-beam scrubbing 5 to introduce and control mixtures of several different 
on an orbiting and/or spinning substrate. high purity gases over a very wide range of pressures. 

FIG 11 is a plan view of an illustrative rotary shutter Since most commercially available active pressure con- 
including the heater of FIG. 12. trollers are narrow range devices, several of them 
FIG 12 is a plan view of an illustrative substrate would therefore be required. In this instance, the system 
heater in accordance with the invention. 10 may preferably employ a custom-designed passive pres- 
FIG 13 is a flow chart of an illustrative overall oper- sure controller, there being provided at least one or 
ation of the system of FIGS. 6 and 7. more (three are preferred) regulated supply channels of 
FIG. 14 is a plan view of an illustrative dual substrate inert and/or reactive gas 106 (FIG. 7), where each of 
(pair) processing in accordance with the invention. these channels has typically three separate feeds 110 to 
FIG. 15 is a flow diagram of an illustrative source 15 vacuum chamber 10, the three feeds typically being 
distribution shape calibration program for use in the respectively associated with the various types of 
operation of FIG. 13. sources which may be individually or jomtly used in the 
FIG 16 is a flow diagram of an illustrative source system. These sources are typically one or more DC 
calibration program for correlating source peak deposi- and/or RF sputter sources, one or more ion-beam 
tion rates to respective source electrical inputs for use in 20 sources, a heat source, and one or more auxiliary 
the operation of FIG. 13. sources such as an evaporation source, etc. (FIG. 2). 

FIG. 17 is a graph of illustrative profiling data ob- Each of these sources typically requires different pres- 
tained in accordance with the program of FIG. 15. sure levels in the chamber and thus each feed line m- 

FIG 18 is a graph illustrating the source profile cor- eludes a needle valve 114 for pressure adjustment over 
responding to the data of FIG. 17. 25 a range of typically 1E-1 to 1E-6 Torr. Each feed also 

FIG. 19 is a flow diagram of a program for effecting includes a on-off solenoid valve 116 for feed line selec- 
an illustrative source/planet model in accordance with tion and chamber isolation. Another solenoid valve 115 
the source/planet modeling routine of FIG. 13. may be employed for purging the channel between feed 

FIG. 20 is a flow chart of a program for effecting an selections. All solenoid valve operations are remotely 
illustrative scan optimization in accordance with the 30 programmable via the multiprogrammer computer in- 
scan optimization routine of FIG. 13. terface 105 discussed below. Measurements of the 

FIG. 21 is a flow diagram of a program for effecting chamber pressure may be effected with a complemen- 
computations of the processing parameters in accor- tary combination of pressure gauges 101 and 118 and 
dance with the computation of processing parameters corresponding control electronics 102 and 119, as 
routine of FIG. 13. " 35 shown in FIG. 7, such as MKS model 390 absolute 

capacitance manometer and model 270B controller, and 
DETAILED DESCRIPTION OF A PREFERRED Granville-Phillips model UPC-303 ion and thermo- 
EMBODIMENT OF THE INVENTION couple gauge pre s S ure measurement system. Note that 

Reference should be made to the drawing where like the Granville-Phillips model UPC-303 also serves as the 
reference numerals refer to like parts. 40 automatic controllers 102 for the pumps and valves 100 

FIG. 6 is a high-level block diagram of the basic of the vacuum subsystem 10. 
component hardware of the invention. The hardware The orbiting planetary substrate fixture 16 is a preci- 
block diagram shown in FIG. 6 is high-level in the sense sion in-situ motion mechanism which quickly, accu- 
that each block represents a functional hardware sub- rately, and reproducibly positions the substrates and 
system. Each hardware subsystem is typically com- 45 mobile source monitors relative to any given source 
posed of several separate hardware components that distribution in order to successfully implement the pres- 
operate synergistically, as will be further described ent invention. This planetary may comprise a horizon- 
below with respect to FIG. 7. tal, 24-inch nominal diameter, flat plate planetary with 

In general, the system of FIGS. 6 and 7 include a independent orbit and spin motions of up to ten 4.5-inch 
vacuum deposition subsystem, which is required to 50 diameter planets (substrate carriers), as shown in FIGS, 
provide a stable and controlled environment for the 2 and 3. Electrically isolated substrate carriers provide 
reproducible fabrication of thin film structures and de- for DC/RF bias and etch capability. Easily adjustable 
vices. This vacuum subsystem consists of a vacuum source-to-substrate distance accommodates substrates 
deposition chamber 10 and includes all the pumps, over 1-inch thick, and allows for custom-designed sub- 
valves, and feedthroughs 100 (FIG. 7) required to pro- 55 strate carriers, such as the phase-change carriers de- 
duce a low background pressure « 1E-7 Torr) in the scribed below. Such a planetary is commercially avail- 
chamber, such accessories being known to those skilled able (e.g., Tore- Vacuum Products), although an up- 
in this art. Vacuum subsystems suitable for implement- graded version that utilizes precision bearings and 
ing the present invention are commercially available higher tolerance components is preferred for the pres- 
from a variety of different vendors (e.g., Varian Associ- 60 ent invention. 

ates, Torr- Vacuum Products) in either component or One or more substrate carriers 15 are provided on the 
assembled form, as desired. orbiting planetary substrate fixture 16, each substrate 14 

The system also includes a pressure controller subsys- being disposed on the substrate carriers 15, as shown in 
tem 12 (FIG. 6), which consists of all those components FIGS. 3, 6, and 7. The substrate carriers 15 may contain 
(e.g., control valves, gas feed systems, pressure sensors, 65 a high heat-of-fusion phase-change material in order to 
etc.) necessary to stably and reproducibly set, measure, provide a stable heat sink for the substrate during pro- 
and control the gas background in the vacuum chamber cessing, as required. Such an approach to heat sinking in 
during processing. A suitable active feedback controller this embodiment of the invention is preferred because 
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the conventional approach of using water-cooled sub- screen), central processing unit, disk mass storage, CRT 
strate carriers is incompatible with the requirement that monitor, printer, and various control and data acquisi- 
the substrate carriers be highly mobile. Any number of tion interfaces (e.g., HPIB, GPIO, RS-232, multipro- 
phase-change materials with a wide range of transition grammer) necessary to communicate with the assorted 
temperatures might be used, including metals, alloys, 5 programmable hardware components that comprise 
and organic and inorganic compounds. For this applica- much of the remainder of the PVD system. The com- 
tion, the final choice is dictated primarily by consider- puter of the system may be a Hewlett-Packard 9000 
ations of transition temperatures; heat of fusion per unit model 3 10, which is a bundled measurement automation 
volume; safety in handling, containment, and operation; system consisting of: 98561A SPU; 35731A CRT moni- 
and stability and reliability in phase-change properties 10 tor; 46020A keyboard; Basic 5.0; 1 Mbyte RAM; HPIB, 
(e.g., minim al supercooling and/or superheating ef- GPIO, RS-232, and HP-HIL; touch-screen bezel; and 
fects). Based on these considerations, the phase-change battery-backed real-time clock. The disk drive may be a 
material may be any one of a variety of salt hydrates, Hewlett-Packard model 9153A, which combines the 
including calcium, sodium, and magnesium. One spe- storage (10 Mbyte) and speed of a hard disk with the 
cific implementation may be calcium chloride hexahy- 15 backup and interchange capabilities of 3^-inch micro- 
drate 148 (containing nucleators to suppress supercool- floppies (780 Kbyte) into a single compact package. The 
ing) sealed in a stainless steel or aluminum enclosure 150 printer may be a 150 cps Hewlett-Packard model 
with a machined interior 149 to improve the thermal 2225A. The multiprogrammer may be a Hewlett-Pac- 
conductivity between the phase-change material and its kard model 6940B, which provides the various required 
enclosure, as shown in FIG. 8. Calcium chloride hexa- 20 A/D and D/A interfaces, as well as an expandable 
hydrate has a 27" C. melting point, 1.6 specific gravity, card-cage design that makes it suitable for a wide range 
and 46 calories per gram heat of fusion. These proper- of high-speed automatic test, data acquisition, and con- 
ties make it ideally suited for providing a mobile, com- trol applications, as needed. 

pact, lightweight, stable, reliable, and effective low As stated above, the source(s) 18 (FIG. 6) may be any 

temperature heat sink for even high power processing. 25 of a number of different types of sources such as 

For instance, 500 grams of this material sealed in a DC/RF magnetron, diode, and triode sputtering 

4.5-inch diameter by 1.5-inch high aluminum container sources; resistive and B-beam thermal evaporation 

weighs less than 750 grams total, but will absorb over 20 sources; ion-beam milling and secondary-ion deposition 

watts continous power input for up to one hour without sources; and radiative heater sources; where, in the 

completing its phase change at 27° C. 30 present preferred embodiment, the sources are shown 

Rotary shutter 32 (FIG. 7) may comprise a 22-inch mounted either on the top plate of the vacuum deposi- 

diameter electropolished stainless steel plate internally tion chamber or on the rotary shutter (FIG. 2). This 

suspended from a central clutch bearing (not shown), deposit-down configuration is an arbitrary choice with 

Planetary orbital motion may be used to position the respect to the implementation of the invention, and 

shutter, thus eliminating the need for a separate actua- 35 most other configurations, including deposit-up and 

tor, position indicator, computer interface, and high- side-deposit, are equally acceptable in this regard. The 

vacuum rotary feedthrough. The shutter provides addi- primary requirement on each source for the successful 

tional substrate protection from particulate contamina- implementation of the processing technique of the pres- 

tion, serves as the carrier for the mobile front-side radia- ent invention is that the source distribution be suffi- 

tive substrate heater, and may be used to select individ- 40 ciently stable and independent of the properties of the 

ual substrates for DC/RF bias/etch sputtering. Shutters substrate that its processing properties can be fully char- 

of this general type (using external actuators) are com- acterized or predicted from the shape and amplitude of 

mercially available from Torr- Vacuum Products. . this destribution. Even if the substrate properties influ- 

Planetary controllers 26 (FIG. 6) provides the means ence the processing properties of the source, it is often 

for accurately setting planetary position and/or con- 45 still possible to systematically predict and/or experi- 

trolling planetary speed and direction at any given time. mentally measure these interactions and to make the 

It also provides real-time monitoring of these parame- appropriate and compensating corrections to the pro- 

ters directly to the computer system 28 (FIG. 6). Thus, cessing parameters. For example, the effect of substrate 

an unlimited number of planetary motion scenarios are temperature on deposition rate can be dealt with easily, 

at the user's disposal through the computer software. 50 Each source (except for the heater) is hermetically se- 

The controller may be a programmable dual channel cured in a known manner to one of the ports in the top 

power supply 140 (e.g., Hewlett-Packard model 6205C) ■ plate of the vacuum chamber, as shown in FIG. 2. A 

which controls two reversible variable speed motors specific DC/RF sputtering source 120 (FIG. 7) which 

142 and 144 used to independently drive the orbit and may be employed is Sputtered Films Inc. model PSG-3. 

spin motions, respectively, as shown in FIG. 7. Orbital 55 The corresponding DC power supply 122 may be Sput- 

position may be precisely monitored with an absolute tered Films Inc. model 600-4.5. The corresponding RF 

position optical shaft encoder 146 (e.g., BEI series power supply 124 and matching network 126 may be 

M-25). Front panel switches and status indicators also RF Plasma Products models RF-10 and AM- 10, respec- 

allow complete manual control, if desired. tively. As an on source 128, Ion Tech model 3-1500-250 

The computer system 28 (FIG. 6) is the nerve center 60 may be employed, using Ion Tech model MPS-3000FC 

of the physical vapor deposition system of the present as the corresponding power supply 130. Fixtures 121 at 

invention. Although manual overrides are available and user specified angles of incidence ranging from 0 to 50 

the computer system need not be used, in practice it.is degrees relative to the axis of rotation of the spinning 

almost indispensible for all but the simplest processing. substrates 15 may be provided, as shown in FIG. 9. The 

It consists of all the software and the computer related 65 processing chamber may also accept a second ion gun, 

hardware and interfaces necessary to set, control, moni- either in a fifth top-plate port or on an optional crossed- 

tor, and document the rest of the system hardware. This beam fixture 123 designed for ion-beam scrubbing of 

includes the user interface (keyboard and/or touch- substrates during secondary-ion deposition, as shown in 
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FIG 10, where the secondary-ion deposition is effected Mobile source processing monitors 22 are provided 

by ion-beam bombarding a source material 193 onto a on the orbiting planetary substrate fixture 16 (FIG. 6). 

substrate 14 * These monitors ^ used in calibrating (establishing the 

A front-side radiative heater 30 may be mounted on a amplitude and shape) the various sources 18, as needed, 

planetary shutter 32 to permit mobile front-side heating 5 just prior to substrate processing. These monitors may 

of substrates prior to and/or during subsequent process- include a thermal deposition monitor 134, an ion-beam 

ing (FIG. 7). A plan view of a rotary shutter 32 is shown current deposition monitor 132, and a mass-sensitive 

in FIG. 11, where the heater 30 may be positioned adja- deposition monitor 133, as shown in FIG 7. The pn- 

cent to the open portion 158 of the shutter. Since the mary requirements on these monitors are that they be in 

open portion^ tL ^ 10 ^^^t^^SS. 

ZZ^^l^^X^T^ s^ource distributions that it is pos^to achieve *e 

ing of substrates prior to or dunng the P'ocessmg is themome 4 ^.g., a thick . mm p Wum resistance ther- 

easUy implemented, as discussed above A slot 160 KS^ 

(FIG. 11 may be provided m the shutter 32 through J Matthey Inc.) or a ther- 
which a single insukted electnca^ lead 162 connects he ™ J stainless-steel-sheathed type-K ther- 
heater 30 with a sliding contact electrical connector 152 mocQu £ le ffom 0m Engineering attached 
(FIG. 7) that may be similar to the ones used for the ^ ^ & ^ diameter fey Q QQ5Anch thick stainless steel 
mobile deposition monitors discussed below Only one sensQr ^ ion . beam current monitor may com . 
insulated lead is required if the heater has a large tern- . & Faraday cup xhe mass . sen sitive monitor may 
perature coefficient of resistance, since m this instance £ omprise a quartz crystal sensorj such as Inficon model 
the heater may be simultaneously operated as the heat- 007 . 215) w i t h appropriate modifications to its thermal 
ing element, temperature sensor, and temperature con- 2J and eleotrica i interfaces in order to improve mobility, as 
troller, as discussed above. The heating element may descr jbed below. Each of these monitors preferably 
comprise a nominal 10 ohm thick-film platinum resis- utilizes a gliding contact electrical interface 152 (FIG. 7) 
tance radiative heater 155 which is silk-screened pat- between moving and non-moving portions to allow for 
terned and then fired at > 1 100° C. onto one side of a maxml um mobility. A suitable in-situ coaxial sliding 
4.5-inch diameter by 0.04-inch thick alumina or BeO 30 e j ectr i C al contact may be obtained from Suhner (e.g., 
ceramic substrate 153, as shown in FIG. 12. An insulat- subminiature bayonet connector model SMS); Alterna- 
ing overglaze may be coated over the entire heater tively, a rotating electrical feedthrough may be utilized 
pattern (except for the live contact pad 154 and^the an d the sliding electrical contacts implemented external 
ground contact pad 156) and then fired at >900° C. t0 tne vacuum chamber in a manner known to those 
Heater temperatures over 600° Cat supply powers 000 35 s kiii ec j i n this art. The quartz crystal monitor also re- 
watts may be achieved with +/- 1% reproducibility. quires a thermal interface to maintain its operating tem- 
An appropriate constant-voltage, current-limited power perature between 0° and 50° C. for highest reliability 
supply 138(FIG. 7) may be a Kepco model JQE 55-2M. operation. Commercially available quartz crystal moni- 
The remotely programmable source power supplies t ors are designed to operate as fixed-point sensors, and 
122, 124, 130, and 138 of FIG. 7 are included in the 45 utilize cumbersome water cooling lines to satisfy this 
source controller 20 of FIG. 6. By "remotely program- thermal interface requirement. In the present embodi- 
mable" is meant that, with a suitable control and/or men t 0 f this invention the need for water lines has been 
data acquisition interface to the computer 103, the pro- eliminated by providing a strong thermal link between 
grammable device can be remotely operated by the the quartz crystal monitor 133 and the massive, and 
computer. Suitable interfaces for effecting communica- 45 therefore high heat capacity, orbiting planetary sub- 
tions between the computer and the power supplies, as s t r ate fixture 16 (FIG. 7). The overall temperature rise 
well as with all of the other programmable components 0 f the combined monitor-planetary thermal system is 
and subsystems of the invention (e.g., the vacuum and miniscule on the scale of interest, particularly since the 
pressure controllers) may include standard GPIO, quartz crystal monitor is typically used intermittently in 
HPIB, and RS-232 interfaces (104, 99, and 129, respec- 50 the present invention, rather than continuously as in 
tively, in FIG. 7) and a multiprogrammer 105 that may most fixed-point applications. The means for achieving 
contain various A/D and D/A convertors for control- an effective thermal link involves the straightforward 
ling and/or monitoring several processes at once. Alter- use of thermal gaskets and straps, and is well known to 
natively, local prograrnming may be selectively em- those skilled in this art. At very high deposition rates 
ployed at the user's disgression to achieve controlled 55 (e.g., ion-beam milling), masks that stop down the crys- 
operation at the component or subsystem level. Gener- tal field of view of the source may be used to further 
ally, source controller 20 (FIG. 6) includes a combina- ensure acceptable operating temperatures, since at high 
tion of remotely and/or locally programmable power deposition rates the reduced sensitivity of a stopped- 
supplies and feedback monitors necessary to set and down quartz crystal monitor is insignificant, 
control the electrical parameters applied to a given 60 Source monitor controllers 24 (FIG. 6) are commer- 
source during the processing. For example, in DC sup- cially available for each of the above processing moni- 
ply 122 (FIG. 7), the current delivered to the source is tors (e.g., Omega Engineering thermocouple controller 
internally controlled by a feedback loop to thus control model 402B. Ion Tech power supply and ion-beam 
the amplitude (rate) of the source distribution. There- current monitor controller model MPS-3000FC, and 
fore, the effectiveness of these control techniques in 65 Inficon quartz crystal controller model XTC). How- 
achieving uniform depositions depends strongly upon ever, commercially available quartz crystal monitor 
the reproducibility and stability of the processing envi- controllers are designed for .conventional fixed-point 
ronment, as discussed above. operation and are not well-designed for mobile applica- 
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tions. For instance, the loss of a single data point during 
calibration in the present invention is much more seri- 
ous than for fixed-point monitoring. On the other hand, 
many of the design features of the commercial units 
(e.g., soak times, set points, rate ramps, etc.) are of no 5 
use in mobile applications. Therefore, a preferred em- 
bodiment for the present invention is a custom quartz 
crystal controller that is designed for mobile calibra- 
tions and rapid computer data analysis of calibration 
data. Specifically, a controller with these properties 
that takes direct advantage of the powerful control 
computer may be efficiently implemented by utilizing in 
an appropriate manner the standard pulse counting, 
time and frequency reference, and breadboard cards 
available with the Hewlett-Packard multiprogrammer 
model 6940B. The output of this controller is simply the 
mass-dependent quartz crystal resonant frequency. 
Therefore, the efficient operation of this quartz crystal 
controller in the present invention is primarily a result 
of developing and implementing the corresponding 
control software to interpret changes in this resonant 
frequency in terms of the calibration parameters of 
interest, as described below. Using the powerful system 
control computer directly for acquisition and analysis of 
the quartz crystal monitor raw data offers special ad- 
vantages relative to commercial controllers, including 
programming options to distinguish "good" from "bad" 
data points, take special averages, store and compare 
data, perform interpolations and curve fittings, etc. 

FIG. 13 is a functional flow diagram of the process- 
ing technique of the present invention where the pro- 
gram is executed by computer system 28 (FIG. 6). For 
symbolic clarity, operator inputs are ellipses, operator 
decisions are diamonds, and computer-controlled hard- 
ware/software operations are rectangles. The following 
are explanations of each of these components within the 
context of this flow diagram. 

Operator Inputs 

The required operator inputs for any given process- 
ing task are limited to specifying at the appropriate 
points in this flow diagram just a few major process 
parameters; namely: 

a. Source type and position (ellipse 34); 

b. Planetary mode (ellipse 36); 

c. Processing area and uniformity (ellipse 38); 

d. Substrate positions on the planetary (ellipse 40); 
and 

e. Processing rate and thickness (ellipse 42). 
The preferred embodiment of the invention offers 

several planetary mode processing options, including 
continuous, sequential, pair, and two-source processing 
planetary modes. A pair processing mode is illustrated 
in FIG. 14 by a plan view of the shutter-planetary sys- 
tem, where the source distribution 173 is diagrammati- 
cally shown centered in the shutter opening 158 (FIG. 
11). The pair of substrate carriers 15a and 15b are 
scanned non-linearly in an oscillatory fashion in front of 
the source to simultaneously effect uniform processing 
thereon. 

Note that once a processing task or series of deposi- 
tion tasks have been defined in the above manner, they 
may be stored and then repeated in the future as desired, 
where the only user input required at that time is to load 
and document the positions of the substrates on the 
planetary. For clarity, this particular option is not 
shown in the functional flow diagram of FIG. 13. 



Operator Decisions 

Only one operator logistic decision, as indicated at 
diamond 44 (FIG. 13), is required in defining the specif- 
ics of a processing task within any processing task se- 
quence: does the source distribution need recalibra- 
tion?The factors involved in deciding whether or not to 
recalibrate are as follows. In the preferred embodiment 
of the invention, the source monitor carries out the 
source calibration just prior to, rather than during, the 
substrate processing. This is because usefully placed 
real-time processing monitors significantly obstruct the 
source distribution, especially when the substrates are 
of a size comparable to or larger than the source distri- 
bution. Therefore, the effectiveness of the present in- 
vention in achieving a uniform substrate processing 
depends directly on how similar the source distribution 
during the processing is to what it was during calibra- 
tion. To achieve the required degree of similarity in 
20 source distributions, it is essential at a minimum that the 
pressure and source controllers 12 and 20 (FIG. 6) pre- 
cisely reproduce the same processing environment dur- 
ing substrate processing that was used during source 
calibration. In fact, the ability to precisely reproduce 
25 and maintain the total processing environment is an 
important feature of the present invention, where con- 
siderable care and attention to detail have been exer- 
cised in the selection and operation of the hardware 
components necessary to achieve this processing re- 
30 quirement. However, the source distribution can also 
depend on the state of erosion of the source material, 
which introduces inherent use-dependent variations of 
the source distribution, even when the processing envi- 
ronment is held constant. Therefore, the need and fre- 
35 quency of source recalibrations are determined at a 
minimum by this inherent variation of the source distri- 
bution and its effect on the specified uniformity require- 
ments. For most applications, this use-dependent varia- 
tion is extremely small within a given processing task, 
40 but can become quite significant after several runs. It is 
a unique feature of the present invention that total 
source recalibration can be quickly (<3 minutes) and 
efficiently carried out just prior to every processing 
task, if necessary, thus elminating all slowly varying (on 
45 the time scale of a given task) use-dependent changes in 
the source distribution as significant sources of error. 

Computer-controlled Hardware/Software Operations 

There are five computer-controller hardware/soft- 
50 ware operations illustrated in the functional flow dia- 
gram shown in FIG. 13. Although these operations 
occur automatically as needed, they can be accessed 
individually as required to provide the following stand- 
alone operations. 
55 a. Source calibration is effected at block SO. This 
program controls the planetary motion, data acquisi- 
tion, and data analysis necessary to establish the deposit, 
etch, thermal, and/or electrical shapes of each source 
distribution using the various/mobile source monitors. 
60 This routine also carries out the curve fitting necessary 
to directly and continuously relate the source peak rate 
(amplitude) to the respective source power supply set- 
tings, as will be further discussed below, 
b. Source/planet modeling is effected at block 52. 
65 Given any source distribution and planetary configura- 
tion, this program calculates a complete set of hypothet- 
ical processing profiles as a function of source-substrate 
relative positioning. These processing profiles serve as 
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the building blocks for the motion scenario optimization source distribution. In block 503 the deposition rate 

program defined below. measured by the deposition monitor is recorded. Block 

c. Motion scenario optimization is effected at block 504 consists of incrementing the monitor position a 
54. For a given planetary mode, this program uses the specified amount (pre-determined by the curve fitting 
previously calculated processing profiles to establish S accuracy requirements). In block 505 the monitor posi- 
the optimum set of planetary motion parameters (rela- tion is checked to see if the shape-calibration data acqui- 
tive positions, speeds, directions, and times) required to sition has been completed, i.e., if the deposition monitor 
produce processing of specified uniformity over a speci- has completely scanned the source distribution. If not, 
fied area. Note that "uniformity" is again used here in the procedure loops back to block 503 and another data 
the broadest sense to means uniformity in all properties, 10 point is recorded. When data acquisition has been com- 
not just thickness. This is an important distinction, since pleted the data is plotted, as indicated in block 506. An 
it is often possible to achieve the same processing uni- example of such a plot is shown in FIG. 17. As indicated 
fortuity over a given processing area using any one of by block 507, the shape calibration program also effects 
several different motion scenarios. It is the processing the curve fitting necessary to store the source distribu- 
homogeneity requirement that is used to distinguish 15 tion shape in parametric form for use later in the flow 
between these different motion scenarios. diagram of FIG. 13. FIG. 18 shows the curve fit to the 

d. Computation of processing parameters is effected data of FIG. 17. As part of the curve fitting routine, the 
at block 56. For any given motion scenario and choice true center of the source distribution is determined, 
of substrate positions on the planetary, this program since this, rather than the source geometric center, is 
calculates the processing parameters (absolute post- 20 the nominal source position of interest. 

tions, processing times, pressure settings, power supply The procedure for calibrating the peak amplitude 

settings, etc.) required to achieve processing of speci- (deposition rate) of the source distribution as a function 

fied thickness at a specified peak processing rate, as of power supply settings is illustrated in FIG. 16. In this 

selected by the operator (input 42, FIG. 13). instance, the deposition monitor is first positioned at the 

e. Planetary/processing control and process docu- 25 true center of the source distribution, as indicated by 
mentation are effected at block 58. This routine pro- block 511. The source is then turned on using a specific 
vides precise and fail-safe control of planetary motion power supply setting at the lower end of the range of 
and the processing environment, as determined by the interest, as indicated by blocks 512 and 513, respec- 
motion and processing parameters established above. It tively. In the present example of a DC sputtering 
also provides real-time (CRT) documentation of all 30 source, this involves setting the power supply current, 
aspects of the processing during the run, including mo- As indicated by block 514, all relevant power supply 
tion parameters, motion scenario status, source parame- electrical outputs are recorded at this time, including 
ters, and total system status. A concise and comprehen- current, voltage, and/or power. The deposition rate 
sive hardcopy summary is provided at the end of the measured by the deposition monitor is then recorded, as 
run, 35 indicated by block 515. At this point the power supply 

Each of these hardware/software operations may be current setting is incremented a pre-determined amount 

combined into one completely automatic operation (as established by the curve fitting accuracy require- 

using the next level of software control. If desired, this ments), and then checked to see if it is still in the cahbra- 

next level of software control may also encompass total tion range of interest, as indicated by blocks 516 and 

"one-button" computer-controller processing (i.e., 40 517, respectively. If so, the procedure loops back to 

computer-controlled pumpdown, process gas selection block 514 and another set of data is recorded for this 

and control, source selection, power supply settings and new current setting. When the amplitude calibration has 

control, etc.) been completed, the data is plotted (block 518), curve 

Having briefly described the computer-controlled fitted (block 519), and then stored in parametric form 
hardware/software operations 50, 52, 54, 56, and 58 45 for use later in the flow diagram of FIG. 13. 
(FIG. 13), certain ones will now be discussed in further Referring to block 52 of FIG. 13, the source/planet 
detail with the aid of specific examples. In particular, it modeling program uses the source distribution deter- 
is assumed in the following discussion that source 120 mined by the source calibration program (block 50) to 
(FIG. 7) is operated as a DC sputtering source con- calculate a complete set of hypothetical deposition pro- 
trolled by OC power supply 122. Since all of the other 50 files as a function of source-substrate relative position- 
possible sources and supplies are operated in a substan- ing. This procedure is illustrated in more detail in FIG. 
tially similar manner in the invention, the use of this 19, where the source distribution amplitude and shape 
specific example in no way restricts the generality of are read in at block 521. Block 522 is a program uiitial- 
this discussion. ization step, and involves setting the hypothetical 

Referring to FIG. 13, the decision to calibrate the 55 source-to-substrate center-to-center distance to zero, 

source is made at block 44. Calibration involves estab- Block 523 is a similar initialization step, and involves 

lishing both the shape and amplitude of the source dis- setting the hypothetical substrate annulus radius to zero, 

tribution using the procedures illustrated in FIGS. 15 That portion of the source distribution that overlaps a 

and ig, substrate annulus of specified radius at a specified 

Referring to FIG. 15, the procedure for calibrating 60 source-to-substrate distance is then averaged over the 
the shape of the source distribution consists of the fol- area of this annulus, as indicated by block 524. (In real- 
lowing steps. Block 501 involves turning on the source ity, this averaging occurs because the substrate is spin- 
using power supply settings appropriate to the deposi- ning relative to the source.) The radius of the substrate 
tion rate of interest. (The power supply settings are not annulus is then incremented (block 525) in a manner 
critical, since the shape of the source distribution is 65 consistent with the substrate diameter (block 526) until 
usually independent of deposition rate, at least to first a hypothetical substrate deposition profile (thickness 
order.) Block 502 involves moving the deposition moni- versus substrate radius) is obtained and stored for the 
tor to an appropriate initial position at the edge of the specified source-to-substrate distance (block 527). The 
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source-to-substrate distance is then incremented (block 
528) over all distances where there may be significant 
substrate depositions (block 529) to finally obtain a 
complete set of hypothetical deposition profiles. Spe- 
cific examples of four such hypothetical substrate depo- 5 
sition profiles were shown in FIG. 4 above. In both 
instances of incrementing distances (blocks 525 and 
528), the increment size is determined by the accuracy 
requirements for these hypothetical profiles, which are 
in turn determined by the desired uniformity require- 10 
ments. The tradeoff is therefore computer computation 
time versus the ultimate degree of deposition unifor- 
mity. In general, enough hypothetical deposition pro- 
files are generated that it is other factors that ultimately 
limit the deposition uniformity. For the present com- 15 
puter system, this corresponds to computation times of 
the order of one minute. 

Referring to block 54 of FIG. 13, the scan optimiza- 
tion program utilizes the hypothetical substrate deposi- 
tion profiles generated in block 52 as building blocks in 20 
selecting and weighting an optimum set that, when 
combined, correspond to the desired substrate deposi- 
tion thickness uniformity over an area of specified size. 
FIG. 5 is an example of a specific set of weighted hypo- 
thetical deposition profiles that superimpose to achieve 25 
>99% thickness uniformity over a 4-inch diameter 
substrate. Other factors that influence this selection and 
weighting process include the planetary deposition 
mode and the desired deposition homogeneity. An ex- 
ample of the scan optimization program that simulta- 30 
neously takes into consideration all of these factors 
would therefore be quite complicated. However, a pro- 
gram for re-optimizing the motion parameters for meet- 
ing specified thickness uniformity requirements after a 
source re-calibration is quite representative of the over- 35 
all motion scenario optimization program, and is much 
easier to communicate. Therefore, the example of a 
re-optimization of motion scenario parameters shown in 
FIG, 20 is presented, where for simplicity it is assumed 
that the deposition area, planetary mode, and deposition 40 
homogeneity requirements were already addressed in 
the original optimization of motion scenario parameters 
for this particular deposition scenario. In this instance, 
the procedure is to read the old (prior to re-calibration) 
set of motion scenario parameters, as indicated by block 45 
541. The new hypothetical deposition profiles based on 
the re-calibrated source distribution are then read in at 
block 542. Blocks 543, 544 and 545 involve sequentially 
incrementing the old motion scenario parameters and 
then calculating the corresponding thickness uniformity 50 
to see if it meets the specified requirement. If not, the 
incrementing of motion scenario parameters will con- 
tinue as long as they remain within a pre-specified range 
of the old deposition parameters (block 546). If they are 
out of range, additional operator input is required, as 55 
indicated by block 547. Otherwise, the procedure con- 
tinues until the required thickness uniformity is 
achieved. When this occurs, the new motion scenario 
parmeters are stored (block 548) for use in the computa- 
tion of deposition parameters (block 56 of FIG, 13). 60 

Finally, an example of the computation of deposition 
parameters is shown in FIG. 21. This flow diagram is 
largely self-explanatory, since no loops are involved. 
Blocks 561, 562, and 563 indicate the sequential steps 
involved in computing the power supply settings corre- 65 
sponding to the specified deposition rate. Blocks 564, 
565, and 566 indicate the sequential steps involved in 
computing the absolute scan positions (as indicated on 



the planetary encoder), given the substrate positions on 
the planetary and the relative scan positions (as refer- 
enced to the center of the source) computed in block 54 
(FIG. 13). Blocks 567, 568, and 569 indicate the sequen- 
tial steps involved in calculating the number of deposi- 
tion cycles (i.e., the number of complete repetitions of 
deposition positions) required to achieve the specified 
final deposition thickness, given the stop time at each 
deposition position. In the nomenclature of this inven- 
tion, the stop time at each position is the product of the 
corresponding position weight and a minimum time 
determined by considerations of deposition homogene- 
ity. 

From the foregoing, it can be seen that the present 
invention offers an unprecedented combination of ver- 
satility, efficiency, and high performance. In the current 
preferred embodiment, it is ideally suited for research 
and development as well as low-volume production 
applications. However, it is clear that other embodi- 
ments of this invention can be straightforwardly imple- 
mented to address a much broader range of applica- 
tions, including those involving high production. More 
generally, it will be obvious to those skilled in the art 
that many modifications may be made within the scope 
of the present invention without departing from the 
spirit thereof, and the invention includes all such modi- 
fications. 
What is claimed is: 

1. A physical vapor deposition system comprising: 
at least one substrate; 

at least one source for processing a thin film on the 

surface of said substrate; 
a source-operating means for operating said source at 
different sets of values of operating parameters 
during said thin film processing; 
a motion-and-positioning means for moving said sub- 
strate into different positions relative to said source 
during said thin film processing; 
a calibration means' for measuring and predicting the 
hypothetical processing profiles of said thin film 
processing, where a said hypothetical processing 
profile is the amplitude and shape of the result of 
said thin film processing per unit processing time 
obtained at any one of said processing positions 
while using any one of said sets of values of source 
operating parameters; 
a modeling means for predicting the final processing 
profile of said thin film on said substrate that results 
from any specified weighted superposition of said 
hypothetical processing profiles; and 
a control means for said source-operating means and 
said motion-and-positioning means for implement- 
ing any desired source-operating scenario and mo- 
tion-and-positioning scenario during said thin film 
processing in order to effect any said weighted 
superposition; 
to this predict and achieve a desired range of said 
final processing profiles of said thin film on said 
substrate, where said range is limited only by the 
diversity in shapes of said hypothetical processing 
profiles. 

2. A system as in claim 1 where said range of said final 
processing profiles of said thin film on said substrate 
includes a final processing profile that is extremely uni- 
form over the surface of said substrate, irrespective of 
the size of said substrate relative to said source. 

3. A system as in claim 2 where the shape of said 
substrate is selected from the group of regular shapes 
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consisting of: planar, cylindrical, spherical, polyhedron, tial front-side heating of said substrate occurs when said 

and combinations thereof. shutter is rotated. 

4. A system as in claim 1 where said substrate is sta- 14. A system as in claim 5 that includes means for heat 
tionary during said thin film processing. sinking said substrate without restricting the motion of 

5. A system as in claim 1 where said source is station- 5 said substrate relative to said source. 

ary during said thin film processing. IS. A system as in claim 14 where said heat-sinking 

6. A system as in claim 5 where said motion-and-posi- means includes a phase-change material. 

tioning means includes a flat-plate planetary system 16. A system as in claim 1 where said thin film pro- 

' with orbital and spin degrees of freedom that comprises: cessing is selected from the group consisting of: deposit- 

a base that is fixed with respect to a plurality of said 10 mgi etching, and heating, 

sources, where said sources are positioned in a 17, a system as in claim 16 where said source is used 

substantially planar and circular array opposing t o deposit said thin film on said substrate, where said 

said base; deposition source is selected from the group consisting 

a turntable rotatably mounted on said base where said 0 f. diode, triode, and magnetron DC/RF sputtering 

turntable is free to rotate about an axis through its 15 sourceS) thermal and electron-beam evaporation 

center; and sources, secondary-ion-beam deposition sources, and 

a plurality of planar substrates rotatably mounted on molecular-beam-epitaxy sources, 
the circumference of said turntable, such that said 18 A S y S t e m as in claim 16 where said source is used 
planar substrates are free to spin about axes t0 etcll sa j d tn j n gi m 0 n said substrate, where said etch- 
through their centers and where said planar sub- 20 mg source j s se i ec ted from the group consisting of; 
strates sequentially oppose said sources as a conse- i on _b ea m etching and milling sources, 
quence of their orbital motion when said turntable 19 A system as m 0 i a i m 16 wherein said source is 
is rotated. use d to heat said thin film on said substrate, where said 

7. A system as in claim 6 where said control means heating source is selected from the group consisting of: 
includes means for intermittently orbiting said planar 25 res j st i ve . e i einent ra diative heaters and quartz-tube radi- 
substrates to a plurality of said different orbital process- ative heaters 

ing positions for predetermined periods of tune, and 3Q A system as m claim 19 wne re said heating source 

source-operating means for effectmg said thin film pro- fe a resistive . element heater w h 0 se resistance changes 

cessing at each of said orbital processing positions at temperaturei 

predetermined processing rates. < 30 ^ A m ^ ^ claim 2f) where said resistance 

8. A system as in claim 7 where said control means g ^ rature is suf f lcien tly large that only 
includes means for contmuously spuming said planar £i gh . vacuU m msu l ate d electrical feedthrough is 
substrates at each of said orbital V"^*™*™* requ ired to simultaneously power, monitor, and regu- 
where said spinning ,s sufficiently fast that essentia ly £ performance of said resistive-element heater, 
circular ly-syrr^etnc spin-averaged processing profile 35 P ^ sajd itioni 
are obtained at each of said M pcoomng posmons J ^ for movi said T J stmce . el6 . 
during said predetermmed periods of processing time stationary said substrate. 

9 A system as m claim 8 where said modeling means me ™ A system as in claim 22 wherein said means for 

inc udes a computer means for modeling any toe- J ^SS^lLc^m a A heater relative to a sta- 

m S ^um™ r j„ t „ contact bewteen the moving and non-moving portions 

positions, where said computer means are used to deter- ,. . e ° r 

mine a combination of said orbital processing positions of said positioning means. 

and processing tames that correspcL .» J ^ Jf£SS5£2£^^^ 

^T^^oSTSe^d calibration " ^^^f^^S^SSf 
means includes means for measuring a source distribu- from the group consisting of: constant speed, straight- 
ton that is cylindrical symmetric about an axis per- 1™, circular, osculating, orbiting spinning, continuous, 
pendicular to said planar substrates, where said source mtermittant, and combinations thereof, 
distribution is said final processing profile obtained on a 50 25. A system as in claim 1 where said control means 
said planar substrate that is centered with respect to said for controlling said source-operating means and said 
"™£ e motion-and-positioning means mcludes a computer. 

11. A system as in claim 10 where said calibration 26. A system as in claim 1 where said control means 
means includes a computer model of said motion-and- for said source-operatmg means includes means for 
positioning means that is used to predict the remainder 55 continuously varying said values of source-operating 
of said spin-averaged processing profiles in terms of the parameters so that a continuous range of amph udes of 
source distribution of any said cylindrically-symmetric said fundamental processing profiles are available at 
souroe * each of said different processing positions. 

12. A system as in claim 6 where said motion-and- 27. A system as in claim 1 where said control means 
positioning means includes a resistance-element heater 60 for said motion-and-positiomng means mcludes means 
mounted on a flat-plate shutter that is rotatably for repetitively moving said substrate to said different 
mounted with respect to and positioned between said processing positions in order to enhance the homogene- 
sources and said substrates, where said shutter has an ity of said thin film processing. 

open portion therein that is positioned so that sequential 28. A system as in claim 1 where said modeling means 
alignment of said open portion with said sources is ob- 65 includes a computer means for modeling any said time- 
tained when said shutter is rotated. weighted superposition of said hypothetical processing 

13. A system as in claim 12 where said resistance-ele- profiles, where said computer means are used to deter- 
ment heater is positioned on said shutter so that sequen- mine a said source-operating scenario and motion-and- 
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positioning scenario that corresponds to any specified 
said final processing profile. 

29. A system as in claim 1 where said calibration 
means includes measurement means for measuring at 
least one said fundamental processing profile. 

30. A system as in claim 29 where said measurement 
means includes a computer for data acquisition and 
analysis means. 

31. A system as in claim 29 where said measurement io 
means includes in-situ process monitoring means and 
means for moving said in-situ process monitoring means 
relative to said source. 

32. A system as in claim 31 where said means for 
moving said in-situ process monitoring means relative 15 
to said source is said motion-and-positioning means. 

33. A system as in claim 31 that includes sliding elec- 
trical contacts between the moving and non-moving 
portions of said measurement means. 2 o 

34. A system as in claim 31 where said in-situ process 
monitoring means includes a quartz crystal monitor. 

35. A system as in claim 34 that includes means for 
heat sinking said quartz crystal monitor. 

36. A system as in claim 34 where said quartz crystal 25 
monitor can be used as either a deposition or an etch 
monitor. 

37. A system as in claim 31 where said in-situ process 
monitoring means includes a thermal monitor. 

38. A system as in claim 37 where said thermal moni 
tor includes a thermocouple. 

39. A system as in claim 37 where said thermal moni- 
tor includes a resistance thermometer. 

40. A system as in claim 31 where said in-situ process 35 
monitoring means includes an ion-beam current moni- 
tor. 

41. A system as in claim 40 where said ion-beam 
current monitor includes a Faraday cup. 

40 
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42. A system for sequential in-situ heating of station- 
ary substrates in a vacuum system comprising: 

a resistive-element heater, where said resistive ele- 
ment comprises a material with a sufficiently large 
temperature coefficient of resistance that only one 
high-vacuum insulated electrical feedthrough is 
required to power, monitor, and control the perfor- 
mance of said resistive-element heater; and 

a motion-and-positioning means for moving said re- 
sistive-element heater to different heating positions 
with respect to said stationary substrates. 

43. A system as in claim 42 where said means for 
moving said resistive-element heater with respect to 
said stationary substrates includes just one sliding elec- 
trical contact be- tween the moving and non-moving 
portions of said motion-and- positioning means. 

44. A system as in claim 42 where said resistance-ele- 
ment material is platinum. 

43. A system as in claim 42 where said resistance 
element is supported by an electrical insulator. 

46. A system as in claim 42 where said resistance-ele- 
ment heater is a thick-film platinum filament patterned 
onto an alumina substrate. 

47. A system for determining source distributions of 
thin film processing sources in physical vapor deposi- 
tion systems that comprises; 

an in-situ quartz crystal processing monitor sensitive 
to the amount of said thin film processing thereon; 

a motion-and-positioning means for at least intermit- 
tently moving said processing monitor on a hypo- 
thetical surface with respect to said source; 

a data acquisition and analysis means responsive to 
said processing monitor and said motion-and-posi- 
tioning means for determining said source distribu- 
tion, where said source distribution is the result of 
said thin film processing by said source on a sub- 
strate surface coincident with said hypothetical 
surface. 
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ABSTRACT 



A multi-zone high-density inductively-coupled plasma 
source includes a first individually controlled RF antenna 
segment for producing a plasma from a process gas. A 
second individually controlled coil segment is included in 
the ICP source for producing a plasma from a process gas. 
In various embodiments, more than two sets of individually 
controlled coil segments may be used. In one embodiment, 
a separate power supply may be used for each coil segment 
individually. 

Another aspect of this invention is a hermetically-sealed 
inductively-coupled plasma source structure and method of 
fabrication which eliminates the possibility of process con- 
tamination, improves the source hardware reliability and 
functionality, and improves the vacuum integrity and ulti- 
mate base pressure of the plasma system. 



22 Claims, 14 Drawing Sheets 
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HERMETICALLY-SEALED INDUCTIVELY- is performed by an applied RF bias to the substrate or wafer 

COUPLED PLASMA SOURCE STRUCTURE The substrate may be a semiconductor wafer (e.g., silicon), 

AND METHOD OF USE » data storage substrate (AlSiMag or Al'IlQ, a photovoltaic 

substrate (e.g., polysilicon or silicon), or a flat-panel display 
This application is a divisional of Ser. No. 08/677,849 5 substrate (e.g., glass), 
filed Jul. 10, 1996. Various types of I CP source designs have been proposed 

in prior art. These include spiral coil antenna designs, 
TECHNICAL FIELD OF THE INVENTION helicon wall source designs, and cylindrical coil antenna 

This invention relates generally to plasma processing <^;«™. * £ «t ICP designs share 

methods and systems, and Sore particularly to an apparatus 10 orlimitation M makes them unable 

and method for r^r^ctfcally-sValed^ctively^upW ° r ^ plssm> utabam !* ^ "J** 

plasma generation source structure for plasma-assistedfab- Tti T • ST ""T" pn T iIy bMed °° 
rication processes used formarmfacturing of semicorx^ ™ «T fa 'f StrUC " 
data storage, flat-panel di^ptoZLc, and multi-chip "f*™^™^™ T^T. ^ 5? *T C 

module devices, and method for manufacture of same. 15 ^Jf^ elt ^ r * ^ or 

cone-shaped coil around a quartz chamber (such as a quartz 

BACKGROUND OF THE INVENTION ^ i u ) to generate a large-volume plasma or a planar spiral 

coil above a dielectric plate (outside the vacuum chamber) 
Plasma processes are used for numerous fabrication steps to generate a so-called planar plasma. The spiral coil ICP 
in various device manufacturing applications such as semi- M design often uses a flat spiral coil, but provides the options 
conductor integrated circuit, data storage device (heads and to contour the surface topography of the ICP antenna dietec- 
rnedu), and flat-panel display mamrfacmring. Typically, trie housing and/or the antenna coil itself for improved 
plasma processes (also known as plasma-enhanced or plasma uniformity 

S, : r!?vnfT S8CS) T ™?l for . The spiral coil design possesses certain technical 

^ ^^-vapordepo- 25 advantages, but also basTrioWlnniUtious. The spiral coil 
sition (PECVD), dry etching, wafer cleaning (or surface design allows placement of the antenna above avacuum 
ZZ^ l' Z'T, t"fZ ^!!T g ' , P i aSm *: dielectric plate on lbs atmospheric side or within the vacuum 
Z7™> '°° "^'T T (afa °. kDO * n M d ?' ms) cbamber usin S *» epoWapsulation. One can provide a 

*™t T ^ 1 ° r t*Z m ,- ° f ? Usm « capability to reduce Z induced RF voltage across thTspiral 

generation employ one or a combmahon of several tech- x «£ by placing a few capacitors in series with the spiralcofl 
3?, SZZSS? lecbm ^ A . ta f ,u de tool*- This is not a trivud implementation taskTince the 
rSSrf2-? P t , ^ mcrow * v ° ^ h "Sf Vienna coil is usually made of water-cooled aluminum or 
? ^,° r ECR plasma), copper tubing. Insertion of the series capacitors may require 
Sc5 Tso^f ^' mdUCUVely " C ° Upled plasma taking the tubing water flow by insertion of an Se 
( ' ' . . 35 metal-to-ceramic insert. Unfortunately, this results in added 

The high-density inductively-coupled plasma or ICP structural complexity and increased equipment cost The 
sources have recently received a significant amount of ICP sources with cylindrical coils around the electrically 
attention due to their superior process performance, through- insulating plasma source or process chamber require an 
pot rate, and control capabilities. ICP sources can provide electrically insulating process clumber or plasm* source 
tagh-deffiaty (n values ranging from 1x10" cm" 3 to over « wall material such as quartz tube or aluminum oxide tube 
5x10" cm O Plasmas using fairly simple inductive radio used in some source designs such as the helicon plasma 
frequency (RF) excitation. Advanced ICP source designs are sources. These bulk ICP sources can suffer from plasma 
capable of producing fairly high plasma densities r^-iiniformity problems and usually require a multipolar 
(corresponding to the plasma electron density or rip) even magnetic bucket inserted between the plasma source cham- 
larger than 1x10 cm" . The RF source frequency » rypi- 45 ber and the process environment to generate an expanded 
^L l r^t! m<i ° f 1 to 30 MHZ ( with 8 Preference for uniform plasma. This, however, results in reduced process- 
13.56 MHZ). RF frequencies in the kw end of this range ing throughput due to reduced plasma density and km flux 
result m reduced induced RF voltages across the ICP density at toe substrate. Moreover, these sources may gen- 
anlenna. This reduces the risk of capacitive coupling as well crate contaminants and particulates due to sputtering of the 
as sputtering of the inner process chamber and ICP source 50 plasma source chamber wall material near the excitation RF 
walls near the ICP antenna. Lower ICP source frequencies, antenna. 

h °T^ ef ' ^'j! redn ° Cd P hs »**: Miti ? and larger RF The ICP coil is usually driven by a 13.56 MHZ RF source . 

™ r w ™P™f*' °° «* other hand higher Tbe RF current also induces an RF voltage across the 
RF frequer^cs can prov^ superior plasma densities and antenna coil. In order to eliminate any electric field induced 
can be effectively ^coupled to the plasma toad using more 55 arcing or chamber sputtering, the amount of induced RF 
compact RF matching network components. However, pre- voltage must be minimi^. This condition places a limit on 
S°£ D m ™ to . en 7=. "f °° J*"*" the maximum allowable excitation coil inductance or the 

sputtering want due to the relatively lugh induced RF number of cofl bum. Moreover, for a given coil design (e.g., 
voltages that arise across tbe antenna. Higher induced RF , ^ BUmber of tu/DS or iDducll ^) ^ * Z „p£ 
voltages across the ICP source antenna can increase the risk M , imit on ^ maximum RF ^ f ^ 

of capacttive coupling and ratsing the plasma potential. addiljon( for a ^ co^ntioMl ICP source design and a 

One advantage of ICP over conventional parallel plate specified excitation RF frequency (e.g., 13.56 MHZ), there 
plasma is its ability to control tbe plasma density and ion is a limit on the maximum allowable RF power delivered to 
energy (for the ion flux arriving at the substrate in process) the ICP antenna in order to ensure minimal chamber or 
independent of each other. Tbe plasma density is primarily 65 plasma source wall sputtering and reduced process contami- 
controlkd by the applied RF current or power delivered to nation. Tbe prior art designs for ICP coils, therefore, mostly 
tbe ICP source antenna, whereas tbe mean ion energy control suffer from plasma process nonuniformity problems, are not 
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easily scalable for larger wafer processing, and have a plasma source wall material occurs; (6) a capability for 
relatively narrow useful process window (in terms of RF real-time or run-by-run control of plasma process param- 
power, pressure, etc.). The conventional ICP designs do not eters including uniformity using suitable iD-situ monitoring 
provide any direct method of real-time plasma uniformity sensors; (7) improved manufacturing equipment cleanliness 
control without compromising tbe significant process state 5 f° r enhanced device manufacturing yield; (8) increased 
or substrate state parameters. plasma process throughput; and (9) improved plasma cquip- 

Advanced plasma fabrication processes require excellent me . nt reUab i% "K 1 process repeatabMy/performancc due 
plasma density and ion flux uniformity control over tbe 10 ™P roved ICP «"te»nty. 
entire wafer surface. Plasma uniformity requirements in , . muJt i-zoDe ICP source design is applicable to mami- 
high-density plasma sources are dictated by both process « f » ctunn 8 °. f semiconductor devices, data storage devices, 
uniformity requirements and device damage considerations. f h b °' 0V °! t * K and , di ^- ^ hak ™ °f 

TVpically, the plasma nonurnformity must be less than 5% ^es depends on ^several parameters and 

(isigma value) to ensure damage-free uniform procaine considerations including ICP source diameter, substrate ste, 
Manrconventional ICP sourJLgns fail to ~ ^ T,' ™ ^ ^ 

stringent process uniformity requi^ments for varied is P ^,^ PUl T,T T ° f ^J""?? 1 

plasma processing applictions. *Pph<*tions semiconductor Processing, the number of the 

ICP source zones may be two to four, however, greater 
SUMMARY OF THE INVENTION number of zones may be desirable for different applications 

such as those for very large-area substrate processing. For 
In accordance with the present invention, a method and instance, a two-zone ICP source (antenna) design may be 
system for creating an inductively-coupled plasma (ICP) 20 used to adjust the relative edge-to-center plasma process 
environment for various device fabrication applications is uniformity in a plasma equipment used for processing of 
provided that substantially eliminates or reduces dissdvan- 150-mm or 20O-mm semiconductor wafers. An ICP source 
tages and problems associated with previously developed design with two to five excitation zones may be used for 
ICP processing methods and systems. Tbe ICP processing processing of 200-mm and 300-mm silicon wafers, 
method and system of this invention is applicable to manu- 25 A technical advantage of the present invention therefore, 
factoring of .^conductor, data storage, flat-panel display, fc that it provides multi-zone high-density plasma source 
and photovoltaic devices. structure using at least two individually controlled coil 

According to one aspect of tbe invention, there is pro- segments for uniform plasma processing. The multi-zone 
vided a multi-zone high-density inductively-coupled plasma K ICP source structure of this invention may be constructed 
source structure and method of use that includes a first either using the more conventional ICP source fabrication 
individually controlled inductive coil for producing a first and assembly methods (i.e., at least two cooled or 
plasma zone from a process gas. A second individually temperature-controlled coils placed either outside the pro- 
controlled coil is included in the ICP source for producing cess chamber adjacent to a dielectric vacuum plate or 
a second plasma zone from a process gas. In various 3S encapsulated in an electrically insulating bousing inside the 
embodiments, more than two individually controlled indue- ICP vacuum process chamber), or using a bermeb'cally- 
tive coils may be used. In one embodiment, a separate RF sealed antenna structure placed within the vacuum environ- 
power supply may be used for each ICP coil zone. Each ICP meat. 

coil zone may be made of either a single coil segment or a Another technical advantage of tbe present invention is 
set of coil segments interconnected using at least one series w that is provides a hennetically-scaled ICP source fabrication 
capacitor. structure and method that are applicable to both the con- 

Anotber aspect of tbe present invention is a hermetically- ventionsl single-zone ICP structures as well as the multi- 
sealed ICP source structure and fabrication method that are zone ICP source structure of this invention. Tins novel 
applicable to both the multi-zone I CP structure of the present method and structure eliminates tbe need for elastomer 
invention as well as the conventional single-zone ICP state- 45 O-ring seals and separate ICP antenna cpoxy encapsulation 
hires. By forming the ICP antenna and its encapsulation by providing a high-integrity ICP source structure conrpat- 
housing as a single bennetically-seakd structure, the present ible with the ultrahigh vacuum (UHV) base pressure require- 
invention eliminates the need for various seals and encap- raent of 5x10""° Ton or less. 

sulations for the ICP excitation antenna and associated Yet a further technical advantage of the present embodi- 
housing. Moreover, the monolithic ICP structure and fabri- 50 ment is an in-«itu sensor view port design which can be used 
cation method of this invention provide better I CP structural for implementation of some useful plasma state and wafer 
integrity, plasma source reliability, and vacuum integrity in state sensors such as full-wafer interferometry sensor and a 
tbe process environment spatially resolved optical emission sensor. The full-wafer- 

In the multi-zone ICP source of this invention, tbe RF view optical port uses a hermetically sealed optical (e.g., 
current magnitude (and phase) can be adjusted in each zone 55 sapphire or quartz) window or plug located at the center of 
independently. Tbe multi-zone ICP source design of this the ICP source. This port enables real-time (or run-by-run) 
invention offers several advantages over the conventional plasma process uniformity control using tbe multi-zone ICP 
single-zone designs. These include (1) significantly source design of this invention in conjunction with a process 
improved plasma uniformity (plasma density and ion current uniformity monitoring sensor (such as a full-wafer inlerfer- 
densiry) as a result of the features provided for real-time 60 0 me try sensor). 

uniformity control; (2) a much wider process window due to The hermetically-sealed aspect of tbe present invention 
tbe multi-zone plasma adjustment capability; (3) increased provides an important technical advantage by eliminating 
plasma density and ion flux density; (4) a design that is elastomer seals by replacing them with hermetic seals that 
scalable for large substrate processing (such as for 300-mm provide improved process cleanliness, enhanced vacuum 
or larger silicon wafers and flat-panel display substrates); (5) 65 integrity, and improved source lifetime, 
a lower number of coil turns per zone to ensure that no The hermetically-sealed aspect of the present invention 
electric field induced arcing or sputtering of the chamber and provides another technical advantage by providing low 
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thermal resistance heat transfer junctions to allow cooling of FIG. 16 provides a second cross-sectional view of the 

the I CP bousing by a portion of the present invention. FIG. 15 embodiment of the invention (fourth embodiment); 

The hermetically-sealed aspect of the present invention FIG. 17 illustrates a top view of the vacuum plate of the 

provides another technical advantage by greatly reducing or FIG. IS embodiment (fourth embodiment), wdkating vari- 

eliniinating the possibility of outgassing. 5 0 us feedthrougha for process gas inlets, coolant flow, and 

The hermetically-scaled aspect of the present invention electrical connections; 

provides yet another technical advantage by increasing ICP FIG. 18 shows a bottom view of the vacuum plate 

source reliability, extending the ICP source lifetime and appearing in FIG. 17, indicating the radial low-reluctance 

enhancing process cleanliness resulting in a reduces cost of magnetic rod positions; 

ownership while enabling high-performance plasma pro- 10 FIG. 19 depicts a cross-sectional view of the bottom 

ccsslng- dielectric plate for the FIG. 15 embodiment of the invention 

BRIEF DESCRIPTION OF THE DRAWINGS ( fourtn embodiment); 

For a more complete umJerstanding of the present irrven- J 1 *' * fc * top ^ ° f bo,,0m dieleCtric P li,e ofFIG 

lion and the advantages thereof, reference is now made to 15 ' „ . , - . , . 

the following description which is to be taken in conjunction , FIG - 21 P r0Vldes » bottom facud view of the top dielectric 

with the accompanying drawings in which like reference plalc of FIG ' 15 embodiment of the present invention 

numerals indicate like features and wherein: (fourth embodiment); 

FIG. 1 shows a cross-sectional view of a first embodiment FIG - 22 Aows lbe overafl scfasmatic view of a vacuum 

of the multi-zone I CP source of present invention configured 20 proofs chamber using the multi-zone ICP source structures 

as a two-zone ICP source; of tlns invention (example shows a three-zone ICP 

FIG. 2 provides s view of the two-zone inductively- "^f?"^ 0 ^ . ,. 
coupled plasma antenna portion embedded in the middle FIG - 23 Ulustratcs "** schematic diagram of a two- 
ceramic ICP or dielectric plate for the FIG. 1 embodiment maD,Eold S* 8 djstribution arrangement for the ICP source of 
(first embodiment); 25 FIG - ^ where 106 input gases are partitioned into two 

FIG. 3 shows a cross-sectional view of the top ceramic or ^"^f' 
dielectric plate of the FIG. 1 embodiment (first 24 A shows a schematic electrical wiring diagram of 

embodiment); 4 'tree-zone ICP configuration for the multi-zone ICP source 

FIG. 4 illustrates the bottom view of the middle dielectric M ^J??',*™ . . , . 

plate indicating the gas dispersion cavities and their asso- FIGl 248 , shows » schemanc electrical wiring diagram of 
dated gas injection inlets for the multi-zone ICP cmbodi- a tw °- zone Icp configuration for the multi-zone ICP source 
ment of FIG. 1 (the first embodiment); of mG - 17 > 

FIG. 5 depicts a first cross-sectional view of an alternative FIG- 25/1 sbaws a scberaatic e)ectriel1 wiring diagram of 
or second embodiment of multi-zone ICP structure of the 35 a three-zone ICP configuration for a single RF power supply 
present invention; based 00 M adjustable capacitor array; 

FIG. 6 shows a second cross-sectional view of the FIG. 5 FIG 258 sbows * schemaUc electrical wiring diagram of 
embodiment (second embodiment) of the invention; * 'hrec-zooc ICP configuration for a single RF power supply 

FIG. 7 provides a cross-sectional view of the middle b4sed 00 " "fr*** Jransformer; and 

dielectric plate of the FIG. 5 embodiment (second *° FIG. 26 shows a schematic diagram of a planar ICP source 
embodiment); assembly according to one hermetic sealing fabrication 

FIG. 8 illustrates the beniKtfcally-sealed coil structure of mctbod of tbe P"^ 11 ' invention, 
the FIG. 5 embodiment of the invention or the top view of DETAILED DESCRIPTION OF THE 

the middle dielectric plate of the second embodiment; INVENTION 

FIG. 9 depicts a top facial view of the top vacuum plate _ , ... 
of the FIG. 5 embodiment, indicating the feed through* for Preferred embodiments of the present invention are illus- 
clectrical RF, gas injection, and cooling water, trated m NGUREs like numerals being used to refer to 

FIG. It shows a ernes-sectional view of a modified Uk *J md ^P 00 * 5 ^ P at ' tR<rftbc vari <** Swings, 
version of the second multi-zone ICP embodiment where the . The embodiment of the present invention that FIGS. 1 
distance between tbe vacuum plate and the ICP bousing has 50 ^"S 0 4 describe is a hermetically-sealed multi-zone 
been increased in order to enable smaller minimum ICP ( HMZ ) Icp for various high-density plasma 

source to substrate spacing for enhanced ICP process applications, including plasma etch, PECVD, surface 
throughput rate- * cleaning, plasma hydrogenarioa, and other plasma- assisted 

FIG. 11 sbows a second cros^sectional view of tbe fab ? CatiM P"**** 8 - ^ concepts of the present invention 
modified version of tbe second ICP embodiment of FIG 10 5S m } y . D ° l only to a . i tw °- zone Icp source, but also to a 
mounted on a vacuum process chamber for high-tlirougbput Tff m Dum t . ber ° f ' CP exnUt r zones 

plasma-assisted proccssinR apph'cations; \ '. * 4 ' md tnore) - Moreover > 11)6 preferred embodiment of 

FIG. 12 shows a first crclsectional view of another f n "™" tata K b ^ t HMZ ICP source 
(third) embodiment of tbe invention; „ 5"**? ICP vacuiwj process chamber m order to eliminate 

cir n a * . . . , , 60 me need for a dielectric vacuum window and to enable 

mr i, , cross-secitonal view of tbe i mp l eroen t a tion of an all-metal-seal ICP source and process 

FIG. 12 embodiment (third embodnnent); chamber for improved vacuum integrity by reducing the 

FIG. 14 provides a cross-sectional view of the middle chamber vacuum base pressure. It is, however, understood 
dielectric plate of the FIG. 12 embodiment (third that the HMZ ICP source of this invention can also be 
embodiment); ^ unpiemented outside tbe vacuum chamber tising a dielectric 

FIG. 15 is a first cross-sectional view of yet another vacuum window for separating tbe source from the process 
embodiment of the present invention (fourth embodiment); chamber. 
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The HMZ ICP source of FIGS. 1 through 4 provides a continues through top dielectric plate 104, and continues 

design id conjunction with a six-zone showerhead gas into cooling water channel 160 of middle dielectric plate 106 

injector. Tbe HMZ , ICP source, however, is also compatible until it contacts ICP antenna RF coil segment 173 (which is 

with toe use of either a single-zone showerhead or a multi- part of a two-zone HMZ ICP source 109 arrangement) 
^.^S J ,tfl «Y nunber of independenUy con- , Hermetically-sealed ICP source 100 includes two zones 

tolled showerhead zones (cj., from one to ten zones). of cooling (such as water cooling) to rernwe^tgLS 

fZ^Z M ±^^l eaniafi r y . reqUlre0aly ^ the ohmic power losses erne to RF povJdeuv^analcP 

mS^iSXSS h n/.^T f* ** pl3Sma geDerltion Tteitazone 3es inlet 

K2n J from us.ng multiple showerhead zot.es channel 162 that passes through metallic top plate 102 and 

SowT^lr^ UD1 , V* lQ is bonded to the top dielecrnc plate 104 for providing 
rZfri^Z showerhead feature allows cooling water to cooling water channel 164 of middle 

radul control of the process gas mass transport profile which dielectric plate 10*. Middle dielectric plate 106 provides 

M» P ~ h """T P ^ D , ippUcatiDnS - i"'e™«y » cooling path by which w.Cm.7eote?S 

Moreover, using the mmb-zooc showerhead, toe source can ersmple. cooling channel 164, pass through to cooling 

^/f^ n °f^ fc ^^P»^«hc 1S channels 160 and ultimately enter cooling d, LTl^ 

gases. As a result, mixing of mump e gases occurs in the From cooling channel 166, cooling water exits from the ICP 

plasma process ^environment and not ins.de the delivery gas source through outlet 168. Outlet 168 receives the cooling 

lines or ins.de the ICP source. Separation of multiple pro ce* s water from X zone 1 cooling ch^TZpZite™- 

cTeBmt^ r™^ 0 T^™' «™>»* flow of cooling waterftom cooling StT« 

can eliminate the possfljOity of gas phase nudeation and „ through cooling channels 164, 160, and 166 with a coming 

inTp^C^n^^t ^ ^^■IlT mC t ™ ^ re ™- J - the first zone of £^Sj- 

m a PECVD process used tor sdicon dtojode deposition, the sealed ICP source 100, zoue-1 RF contact 170 provides a 

P ZT °° ,npnSe ^ - N2 °- Usfag ^ P ath by which an RF current mayXTttooui^of 

m^-zor^wernead arrangement of this invention, these plated (or molded or inserted) coil segments and 

gases can be separated and injected as a binary system into „ 174 of zooe-1 

^tltScSr^rr". „ , - In completing the description of herrneu«lly«ealed ICP 

, t u ?^™ attMtl0n " "»"«* «K> ^ depicted in FIG. 1, in metallic top plate 102 

drawn to FIG. 1. FIG. 1 shows HMZ ICP source 100 that are cooling channel feedthroughs for nJSL | cwBng 

top vacuum plate 102, which may be formed of stainless 30 inlet channel 162 (via an in-line insulating ceramic tube 

Sri^ ir^ ^n,s top dielectric pkte l©4 Top insert), and cooling channel 178 connectedTo zooe-1 omW 

?• ^. it™!^ ° r b0 ° ded 10 cbannel 168 < vii « insulating ceramic tube insert fo 

, ^ fff^ C f ^ te *?* benDcticall y ^ electrical isolation). Cooling wate? inlet 180 connects to 

to showerhead injector plate 108. Optical plug (or window) Minc ceramic tube iLrt 182 for Znd^ 

Z/Z* to f, Pla , , L 102 ' J tOP * C00li °S cooling channel 184 of of 

Etor^,^ ^ rK Z kte 105 ' ^ showerh6ad hermetically-sealed ICP source 100 and its surfing 

ZfllfJrf' ^ P T?f ;»^cal viewport to toe region. In middle dielectric phte 106, coolant p^^ 

T 8 ^ t ^,^ nCatoD Proceo,^ cooling water channel 188 for coolingcoil segmentlXnd 

^ f° ^."^ for momU >™8 °f to its surrounding region. From coom£chimnell88, cooC 

&*S„ P "T T * SUmWt ° Pticd m ' 40 wator flows in middle dielectric plate 106 to cooling channel 

such ^apahally resold plasma emuston sensor. 192 for cooling coil segment 194 of zone-! of the 

Metallic top plate 102 includes numerous feedthroughs or hermetically-sealed ICP source and its surroundW region 

pe^traDom, some of which are for coolant (e.g., water) The cooling water subsequently flows out of the zor^2 mils 

flow purposes, some are for ICP gas injections, and the via coolant outline 197. 

resuming ones are for electrical RF feedthroughs. For 45 In middle dielectric plate 106. cooling water channels 

mpm ^ttirough meudhc jtop plate 102, are bonded to toe progressively greater depths. Tins conflguraUon enables 

hofcs within toe top dietectnc plate 104, and feed into toe vertical contouring of respective coil se^nte 174 

boles wumn the middle dielectric P 1^106 in order to inject 172, 186, Sf^ I iSTSTiS coLS 

the process gases mto re^ve sWerbead zone disper- 50 (convex or conave contouring) provide "SoSS 

M« m S "1 ^ ™ X MVltie8 P™ter to optimize the ICP uniformity perforrS 

mLSf'hnS S fT 10 ° f Showerhead 108 is made of an electrically irS^ 

mjection holes 124, 126, and 158 of showerhead injector thermally conductive material, preferably formed of a 

plate 108 Likewae showerhead inlets 130, 132, and 134 ceramic material such as akminWmtride (Aim Tminum 

l^ylH ^f ITJ 10 P t1 102 ,' r 10 b ° lM 55 oxide (A40,), or boron nitruk (BN). ShnSCZZ 

w]£ ,t Lr^ P Sle , ^ M i^ ^ ^ ^ toles middle dielectric plates 104 and 106 should ma* of a 

wttmn toe middle dtelectnc plate 106 in order to inject toe suita ble electrically insulating and thermaUy conducting 

^IvS^m > C aSS0Cla,6d showerbs4d contacting interfaces between the plates of berLticky- 

, V ' f 146 ' P l8mi . P 100 "* S** 8 P* 88 60 sealed ICP source 100 are bermetLliy bonded or fused 
L tt^L flZTi T- 83 ° f m J Di&Ct ™ Mes l42 ' (P refe "% using a thermal bonding prc^TotoenvS 
144 and 146 o showerhead mjector plate 108. connected (such as with a higb-temperatnre cured 

Also penetra mg through vacuum base plate 102 are a compatible epoxy) in order to establish a sealed ICP antenna 
°u 6 !« , feedthroughs including RF oKapsulation housing for ultraclean plasma processing. For 
feedthroughs 150 and 152. RF feedthrough 150, for es example, metallic to? vacuum plate 102 ndtopSta* 
example connects through RF feedthrough connection 154, plate 104 are fused or hermetically bonded togetoer using a 
passes through channel 156 of metallic top plate 102, thermal bonding (e.g, with iwlium) or epoxy bonding pro- 
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cess. Top dielectric plate 104 and middle dielectric plate 106 ICP coil segment 173 is also formed as a broken ring and 

are also bonded together at their contact interface junctions. takes a circular path around middle dielectric plate 106 to 

Similarly, middle dielectric plate 104 and sbowerhead injec- connect to RF terminal contact 216. The coolant groove 160 

tor plate 108 are also bonded together at their contact of the outer zone segment 173 is connected in series to the 

juwrtiora Allfour plates (metallic plate 102 and ceramic 5 coolant groove channel 166 of the outer zone segment 174 

plates 104, 106, and 108) can be bonded together using a via unplated or conductor-free coolant channel 218 between 

single thermal bonding process using indium or another the RF contacts 216 and 220. The RF terminal contact 220 

suitable bonding or brazing material. connects to outer zone plated (or conductor covered) coil 

Optical plug 110 provides a viewpoint for probing or segment 174 that takes a broken ring circular path to outer 

viewing the plasma process environment On top of optical 10 zone RF contact 170. 

plug 110 is view port 198 which is connected or sealed The inner zone or zone-2 antenna 210 begins at RF 

(using a metal or wire seal) tomelallic top plate 102 through contact 222 which connects to inner zone coil segment 186. 

hermetically sealed flange 209. The hermetically-sealed ICP Coil segment 186 runs in a circular pattern as a broken ring 

source employs a water-cooled (or gas-cooled) metallic ln d connects to RF terminal contacts 222 and 224 The 

(stainless steel) top vacuum plate 102 to support the ICP , s coolant groove channel 184 of the inner zone coil segment 

source rnsme the plasma process chamber and to enable 186 to the inner zone adjacent coil segment coolant 

cstabhshmg a UHV base pressure of less than lxHT 8 Torr. groove channel 188 via unplated (conductor free or etectri- 

T , ^ pnW * S ,U occcssar >' c»lly insulating) coolant channel jumper 226. The inner zone 

feeAbrougte (RF, gas mkts, and cooling water inlets/outlets coil segment 190 runs as a broken ring (using plated or 
for the ICP coil channels), and provides a vacuum seal (e.g., ffl inserted conductor) underneath coolant groove channel 188 

using a metal seal) to the ICP process chamber. The metallic between RF contacts 227 and 228. The coolant groove 

top vacuum plate 102 cooling may be performed either channel 188 of the inner zone coil segment 190 connects to 

indirectly using rhe ICP source coolant (water) flowing the inner zone coolant groove channel 192 of the coil 

through the cofl channels in the ceramic bousing, or directly segment W via unplated (conductor free or electrically 
using separate embedded cooling channels inside the metal- ^ insulating) coolant channel 23t. The RF contacts 224 and 

he vacuum top plate 102 teelf. 227 are externally connected together via an RF capacitor. 

Hermetically-sealed ICP source 180 of the FIG. 1 Similarly, the RF contacts 228 and 232 are linked together 

embodiment, therefore, consists of two RF power sources via another external RF capacitor. These external capacitor 

t Lu 2 ?° nC ICP arran 8 emeat ). 12 electrical RF connections (on the atmospheric side of the ICP source) 
feedthroughs for 6 coil segments and six pairs of electrical » create a J- turn inner zone coil with two series capacitors for 

contacts, four coolant feedthroughs (including two inlets and reduced induced voltage. The inner zone RF power supply 

two outlets), and six process gas inlets (assuming six injec- contacts are the RF contacts 222 and 234. The RF contact 

lion zones). However, for the same two-zone ICP coil 234 connects to coil segment 194 which surrounds optical 

configuration of hermetically-sealed ICP source 100, the viewport plug 110 as a broken ring and connects to inner 
number of external coolant feedthroughs can be reduced to 35 zone RF contact 232. As can be seen in ICP antenna 202 

two by connecting the zone-1 and zone-2 water channels in zone-2 antenna portion 208 may operate independently of 

series within the ICP ceramic housing middle dielectric zone-1 antenna 210 using two separate RF power supplies. 

p if _ The hermetically-sealed ICP source 160 antenna 202 of 

FIG. 2 shows s top view of the middle dickctric or FIG. 2, therefore, contains two inductive antenna zones each 
ceramic insulator plate comprising the two-zone antenna 40 with three tarns. The same design may be arranged with a 

configuration for ICP antenna 202 of the present embodi- different external wiring configuration in order to establish 

ment. Multi-zone ICP antenna 202 is fabricated within for instance, a three-zone ICP source with two coil turns in' 

middle dielectric plate 106 of hermetically-sealed ICP each zone. Although a three-zone ICP configuration or 

source 100. Middle dielectric plate 105 is made of a ther- another design with more zones is well within the scope of 
maily conductive and electrically insulating miterial such as « the present invention, the remainder of this description 

AIN, AIjOj, or BN. Formed in ICP source middle dielectric focuses on a two-zone ICP source design configuration. It 

plate 106 are two RF antenna zones for ICP generation that should be also noted that the design of FIGS. 1 through 4 is 

are conceptually differentiated by dash line 206. For electrically configurable externally without any hardware 

example, that portion of ICP antenna 202 outside of dash design modifications within the ICP source structure. 
hm 106 corresponding to the antenna segments 172, 173, 50 As FIG. 2 shows, six pairs of electrical RF contacts are 

sod ™ fo ™ s th ^J onc - 1 aD,cm f 2m < * Portia made to the six coil turns using ultrahigh vacuum (UHV) 

w^ dash line 206 containing the antenna segments 186, compatible electrical RF feeArJougte in metallic top plate 

^ ^J'VTt ^ MtCUna 210 102 and spring-loaded (or soldered) electrical wires attached 

As FIG. 2 further indicates, at the center of zone-2 to the coil segments. These 12 electrical contacts connect to 
antenna 210 appears the feed through hole for optical view- 55 the multi-zone segment terminals 211 (Z,,), 212 (Z, J ISO 

port plug 110. Zone-1 or outer zone antenna 208 begins with (Z ]3 ), 216 (Z ]4 ), 220 (Z 13 ), 170 (Z ja ), 222 (Z^X 224 1 (Z^), 

outer zone-1 RF contact 211 that connects to plated (or a 227, (Z^), 228 (Z^), 232 (Z^), and 234 (Z^) For a 

combination of sputtered and plated, or inserted broken ring) two-zone hermetically-sealed ICP source 100 configuration 

coil segment 172 that was originally introduced in FIG. 1. with three coil turns in each zone, the external electrical 
The coil segment 172 is formed in a circular path as a broken 60 wiring and capacitor connections is as follows: The electri- 

nng and continues to RF terminal contact 212. The coolant cal RF terminal contacts 211 (Z JL ) and 170 (Z la ) connect to 

groove 164 over outer zone coil segment 172 is connected the first zone RF (e.g., 13.56 MHZ) power supply. External 

in series to the adjacent outer zone coils segment 173 coolant capacitor terminal contacts 212 (Z 12 ) and 150 (Z,,) connect 

channel 160 via jumper water channel 214 of middle dielec- via an external RF capacitor. External capacitor terminal 

trie plate 106. Connecting to unplated (electrically 65 contacts 216 (Zj 4 ) and 170 (Z^) connect via a second RF 

^ g)iUmpCr WatCr Cha ™ Cl 214 ' S m ' tcrminal CODt4Ct capacitor. This completes the formation of ICP zone-1 

150 (FIG. 1) which also connects to ICP coil segment 173. antenna 208 comprising three coil turns and two external 
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capacitors in series. ICP zooe-2 antenna 210 is configured by dispersion cavities embedded in tbe middle dielectric plate 
connecting tbe electrical RF terminal contacts 222 (2^,) and 108 and shown in FIG. 4. These gas dispersion cavities are 
234 (Zm) to the second RF power supply. One external RF shallow circular grooves formed in the middle dielectric 
capacitor is used to connect RF terminal contacts 224 (2^) plate 106 and connected to the gas injection inlets. In 
and 227 while another RF capacitor links RF terminal 5 particular, inrjer gas dispersion cavity ring 140 receives 
contacts 228 (2^,) and 232 (Z^) together. A phase shifter/ process gas via gas injection inlet 134 and uniformly directs 
controller may be used between the two ICP RF power tbe process gas to tbe inner zone of showerhead 108 irrjec- 
suppb'es in order to control the phase angle between the two tion holes 146. Second gas dispersion cavity 138 receives 
power sources. Moreover, another phase shifter may be used process gas via gas injection inlet 132 and uniformly dis- 
to control tbe phase angle between any of the ICP RF , 0 tributes the process gas to tbe second zone of showerhead 
sources and the substrate bias RF power supply. If desired, injection holes 144. Third gas dispersion cavity 136 receives 
the ICP source 100 design of FIGS. 1 through 4 may be process gas from gas injection inlet 130 and distributes the 
externally configured for operation as an n-zone ICP source process gas to the third zone of showerhead injection boles 
with n-1, 2, 3, 4, or even larger. Tbe number of coil turns in 142. Fourth gas dispersion cavity 122 receives process gas 
eachzonecan also be selected by the design of the external 15 through inlet 116 and guides the process gas to the fourth 
wiring and series RF capacitor arrangement. zone of showerhead injection holes 128. Fifth gas dispersion 
FIG. 3 describes in more detail tbe construction of top groove 120 receives process gas from inlet 114 and distrib- 
dielectric plate 104 including tbe bonded ICP feedth roughs. utes the process gas to the fifth zone of showerhead injection 
Top dielectric plate 104 may be formed of a thermally boles 126. Sixth gas dispersion cavity 118 receives process 
conductive and electrically insulating ceramic material such M S 88 icom inlet 112 and directs tbe process gas to the outer 
as aluminum nitride (A1N), boron nitride, or even aluminum zone of showerhead injection holes 124. 
oxide. Top dielectric plate 104 has, in the present The vacuum, water, and process gag seals for 
embodiment, several bonded feedthroughs for two antenna hermetically-sealed ICP source 108 may be established 
zones and six sbowerbead zones. In tbe left-hand side cither using bonded junctions that are formed using a 
feedthrougb section 240, ICP antenna zone-1 electrical & thermal bonding process or, alternatively, elastomer O-ring 
feedthrough ISO connects to one of the RF contacts in seals. Thermal bonding using a suitable low melting point 
zone-1 RF antenna 208 of FIG. 2. There are six electrical RF metal or metal alloy is a preferred method for establishing 
feedthroughs for the ICP zone-1 segments and another six hermetic seals in ICP source 100 since a bonded structure 
electrical RF feedthroughs for the ICP zone-2 segments. In eliminates the possibilities of process contamination, base 
the right-hand side feedthrough section 242, ICP antenna x pressure degradation, and outgassing problems associated 
zone-2 electrical feedthrough 152 connects to one of the RF with elastomer O-ring seals. Indium, indium alloys, or other 
contacts m zone-2 RF antenna 210 of FIG. 2. Top dielectric suitable bonding materials may be used for formation of the 
plate 104 also includes the necessary feedthrough inlets 112, bonded ICP structure. An alternative to metal-based thermal 
114, 116, 130, 132, and 134 for gas flow connections to the bonding is hermetic bonding using a thermally cured epoxy 
showerhead injector dispersion cavities (six sbowerbead 35 material. * 
zones are shown). Similarly, top dielectric plate 104 permits As shown in FIG. 1, besides the metallic top plate 102 
flow of cooling water through bonded tubes for zone-1 ICP source 100 bousing comprises a stack of three electri- 
coolant inlet 162 and zone-1 coolant outlet 168. Top diclec- cally insulating disks. As described earlier, these disks may 
inc plate 104 also includes two bonded tubes for zone-2 be made of a ceramic material, preferably a thermally 
coolant inkt 180 and zone-2 coolant outlet 157. Except for « conductive ceramic material such as aluminum nitride 
the RF feedthroughs, all the bonded feedthroughs (gas (AIM), boron nitride (BN), alumina (Al^), or even a 
injection i inlets and coolant mlet/outkt tubes) are flushed plasms-resistant polymer based material/such as Vespel. 
against the bottom ^surface of the top dielectric plate 104 (or Due to their high-temperature stability, ceramic materials 
they can be bonded to the dielectric holes by partial feeding work well for tbe ICP source 108 structure when assembled 
the tubes into a fraction of the drclectric plate thickness). 4S using a thermal bonding process. This is due to the fact that 
FIG. 3, therefore, illustrates top dielectric plate 104 with the thermal bonding processes using various bonding mate- 
all the bonded tubings (for gas injection and water cooling) rials may require bonding temperatures in the range of 200° 
and electrical RF connectors. For an ICP source with a C. to 600° C. A bonding temperature of <300° C. can be used 
multi-zone injector, multiple gas injection tubes are used using tin (Sn) or indium (In) or their alloys as the metallic 
whereas for an ICP source with a single-zone showerhead, so bonding material. Moreover, the epoxy bonding processes 
a single gas injection rube can be used. The FIG. 3 design usually employ thermal cure temperatures <300° C 
also shows four water cooling tubes 162, 168, 180, and 197. Tbe use of optical viewport 198 of ICP source' 100 is 
If desired, the number of water cooling feedthrough tubes optional and this viewpoint may be positioned at the center 
can be reduced to two by interconnecting the ICP antenna of hermetically-sealed ICP source 100. Optical plug or tight 
cooling channels in series _ internally by added coolant 55 pipe 110 may be made of a suitable optically transmissive 
groove segments (w/o metallization or conductor jumpers/ light pipe material such as quarts or sapphire for implemen- 
links) between the broken rings in tbe middle dielectric plate union of a real-time in situ sensor. Viewport 198 provides a 
containing the ICP antenna grooves containing the conduc- suitable wafer view for integration of a full-wafer interfer- 
'lt^ 0 ? 8 ometry sensor for real-time rate and process uniformity 
FIG. 4 illustrates a facial bottom surface view of the 60 control. This viewport can also be used for integration of 
middle dielectric plate 106 of tbe present embodiment. This other types of plasma sensors such as a single-wavelength or 
dielectric plate surrounds optical plug 110 and may be spectral plasma emission sensor. The ICP source design 
formed of a thermally conductive and electrically insulating concepts of this invention are applicable to both planar and 
ceramic material such as aluminum nitride (AIM), boron contoured ICP coil designs. For 8" wafer processing, metal- 
nitndc (BN), or even aluminum oxide (AljO-,). In the ss lie top plate 102 may have a diameter of 14" to 20". The 
present embodiment, ceramic showerhead 108 includes six vacuum plate diameter could be as much as 20" as is the case 
gas injection zones, each corresponding to one of the gas of the Universal Plasma Module (UPM) manufactured by 
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SL^m^ S^m'mI^ Whi ? b ( h ^ aQ "T* 1 ""PomiM, ^"ering, or a c^stkg/molding process. An 

totatlfll lf J 8 ? C ,'^ Pkte ^ m * y J? VC alteraaliw method fa to Prefabricate Ibe ICPsburce antenna 

m^L^ £T to 1 10 Pt0VldC S ? fficlCOt sc 8 mcnts ^ 1 Sttitabie raat ori»l -^h as aluminum or 

^LTtf? B f f °fif °P 4 V1CUUm prDcess cbambcr - copper »°d subsequently insert (hem in the middle plate 

k^il 5^2 F hte ' P"^ 5 dieiectric P ,ale lft6 > »«1 5 antenna cavities. The 1CP antenna segments 328 may ate be 

A^fT^ tlf? °L tl r ^ ^ ramic ^ mi,dc of otber met ^ "Seriate sucbL refractory metals. 

n?2 3 , A> y, P°^ me . r - ba *? i &S;.**P*1) tusks as the The top dielectric plate 304 contains coolant grooves 320 

ZLSd IT.^T 8 ° f . CP ,, S ° Ur f lfi °- 1116 f 0 ™^ °™ the ICP antenna coil segment,. tC^u 

SI of ft ta Si l,h ' y f PUte , (C ' g ", 1 cbanDsb to CJcte ™l cooianrmfct/outkt channel 

££flTs 1 1 ™ ^ f° f^w nDgS ° f C ' rCuhr 1« aDd P^vcnt beating of the 1CP source tensing during its 

X^&T B mm . dwm !, ter , fonmn ? * operation. The ICP structure of FIG. 5 consists of .3 of 

^ r t! tm r m' ?* T** ^T 8 109 of fonr P»»»« (°« n^etal and three dielectrfc p^) v^cTare 

o5oVn , P " feflbly * ° f ^getter either using an Wtk 

efad m k aZXTaS 7 ' P^i 19 ' Sb ° W - ""^ (^g Munfor anothef material aTa 

cSncr 0-ri,™n L "?°^ ted £ ls *8 ent or ^ epory bonding) or ulg 

^^n^uTfcP ^ Pl t ^ elantocncr 0-ring scab. The dielectTplates ma ybe mX of 

ThTir-Pc™,™ r," ... Vespel) materml. The gas injection inlets 314 (made of 

. ?° ,CP , s ° urc f embodiment deputed m FIGS. 1 through stainless steel tubes) are externally connected to one or more 

t±T h t ^ ° f ^ 1CP ^ mJurifol(b f<" single-^ or mulS > ZZZZ 

grooves or Lbe coolant channels contain conductor channels operation. 

J" '^Tir^T-, 1 ^'^' * m =! !dliz,tion FIG. 6 shows a different cross-sectional view of multi- 
Zn^ni L °7 COmbi,Jation of *>*> 'CP 3W> of FIG. 5 along a crostse^onal p lane 

sputtering and electroplating depositions) may be used to which is tKmendiradj.r m th.i „f mJ^YT P . 

channel bottom surfaces, but also the groove sidewalk for 0 those aooearW i Hfi « 1!™ ^7 m 

redu<xd RF resistance ForS-waferpmlsing, the opdmum t^SS^ffJ Zm)1^£S' 

Pir? * ch™« 0 fi , 1„ ^. . . r , present embodiment uses several bonded junctions 324 

nr^L ^Tf, nCdV,C ^° f8nallernalivC indiun5 or «nother suitable bonding material FIG. 6 

"^tt 5 t f K^" ( m ;!° tion as 1CP m *™ ^g-loaded orsoldered electrical feedthrough 

WS^L h « h matlV ! eml « dim = nt demonstrated in 35 connectors 313 for various 1CP antenna coil segments. For 

^am^^Z hL^ f^"; sixteen electrical connectors are used for the 1CP 

tt^S2I7 w Tl^ 8 S^?^ nng ° f Mla 8lractnre ™ th ^ coil segments, 

tnc ICf antenna or the dielectric housing. HMZ ICP source wr; 1 »i,™,„ „™. , / •, ., TTV . 

3(>0i n d U de S metalIfc( C .g.,st^k^ 5te f)v^plate^ 3^^^^^^^^ d f ^ P 'f 

sea l to pksma process chamber (nm shown). Top dielectric menna^conductive ^eSS tSkZ sTSE 
plate 304 contacts vacuum plate 302 either using hermetic material which \ nr \^L^^Tx^T^ ■ ! UDS£ra r 
bonded junctions or elastomer O^ing seals (301 and 303). ca S Motf S^ v ™ ^«f f °/ 0pQ - 
Top dielectric plate 384 attaches tomiddle dielectric nhite 3. P 1 / 2^ VKW P ort 198 ( or for providing an 
S^via junctioLaOS "et^Su^ « ^ns^t^^^ ^ ^ 

hermetic bonding or O-ring seals. Moreover, middle dS 17^1^!™!?^ ^ m **~ 

v^^m^lu^lt^ °S COWhlCtor ^ for receiving 

tenSri^nv^Ll^ 8 , a ^™ radio frequency electrical power and serving as multi-zon! 

^^^r^rm^or^^^ 50 zzR^FJzr*?"! 

addition, vacuum plate 3«2 Ses numelsTmSdS g? £ taSK£Z3STl?? 

coolant ctmnnr-k m ,,™t,^r,i „c .u. 1 , ,„7T w txMKUng junctions 324 are formed on the top and 

GMM 311 ! receive P roce« gases from the sbowerhead ( such as alunanum-filled or cZ fiSS ub 
Lr?^ 10 ^ - form of eight planar^ SnSeXTofl^ 

bd£ mf £p 14 ' ^ W6r dU "* fc P ^ 3lSO 306 ^ « seamen* may be^tety faSS 

^t^nLZZT^T^^^ (ef8ht ^ 81111 i^rted in the' middle dfeK^Se 

3M fTSi- ..i S ° UrcC / Dlen " a seEmeDte 65 lrcnchcs 328 Prior to hermetic sealing or bonding of the 

I f ™^ y i ^, hDg , "f ^°° V ? fonned 00 *» to P ^1'^°- ICP structure. The sbowerhead zone chLrJon 

surface of the middle d«lecttic plat using a plating, cavities 316 form continuous concentric rings amnnd^S 
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plug hole 326 on the bottom surface of the middle dielectric In FIG. 9, metallic top plate 302 also includes on top 
plate 306. Plate bonding junctions 324 can be formed within surface 346 external RF capacitor components associated 
hermetic sealing trenches and form continuous concentric with partitioned [CP source zones 350, 352 and 354 
rings between the adjacent gas dispersion cavities on the (example shown for a three-zone I CP source arrangement), 
bottom surface and multi-zone ICP antenna segments on the s These external RF capacitors include RF capacitors 356 
top surface. The bonding material may be, for example, through 364. In the embodiment of FIG. 9, three radio 
aluminum, tin, aluminum silicon, indium, or other compat- frequency circuits, including RF power supply RF 1( RF 
ible materials such as brazing materials or thermally con- power supply RF 5 , and RF power supply RF 3 provide RF 
ductive epoxy materials. electrical power signals to the multi-zone ICP source coils 

FIG. 8 shows a facial top surface view of middle ceramic w via the external capacitor rircuitry. In particular, RF power 
plate 306 to illustrate the hermetically sealed antenna struc- supply RF, connects to the outer ICP zone via external RF 
tore of the embodiment of FIG. 5. In particular, top pla- capacitor circuit 350. RF power supply RF, connects to the 
nanzed surface 330 includes, in the FIG. 8 embodiment, mMk [C p zone via external power RF capacitor circuit 
a ™ co -^f K: f » od . COQtln r is ^°?™ C ^8 352. Also, external RF capacitor circuit 354 delivers power 

Jl £Tt, L? ^Tt^ 0 ^ ween middle from pjp supply RF 3 to the inner ICP zone, 
dielectric plate 306 and top dielectric plate 304. Each 15 ™„ c . , „ . , . , , . 

hermetic bonding joint 324 preferably includes a circular 5 9 ' therefore, demonstrate an alternative 

shallow groove or trench filled with a suitable bonding embodiment for hermetically-sealed multi-zone ICP source 
material such as indium, lb form Ibe multi-zone coil con- 309 that has many features similar to the design described 
figuration of FIG. 8, eigto (or any ouier desired number of) earlier. The alternative design of FIGS. 5 through 9, 
inductive coil segments 328 are employed which are in the 20 however, is a completely planar hermetically-sealed multi- 
form of concentric broken rings separated from one another 2006 'CP source without any contouring of the ICP coil 
by hermetic sealing trenches 324. Multi-zone coil segments segments or the dielectric housing. In this design, middle 
328 fill the designated substrate grooves and may be formed dielectric plate 306, which may be made of one of several 
of aluminum or another electrically conductive material dielectric materials such as alumina or aluminum nitride, 
such as copper. 25 contains fully metallized grooves, forming the bonded 

Although eight coil segments are shown in FIG. 8, fewer multi-zone coil structure shown in FIG. 8. The FIG. 8 
or more number of inductive segments may also be used for embodiment shows eight coil segments, although any num- 
a specific application, depending on the multi-zone ICP ber of segments (e.g., two to ten) may be used in the design, 
uniformity control requirements and substrate size to be The middle dielectric plate 3®6 also includes bottom gas 
processed. Each segment cross sectional area may be 30 grooves 316 for gas injection. Bottom gas grooves 316 can 
approximately 0.25 inches to 0.5 inches wide with a thick- be formed as continuous rings which connect to the bonded 
ness of 0.001 inches to 0.120 inches. Each concentric broken gas injection tubes coming from the metallic top plate 302 
ring 328 includes two electrical contact terminals 332 and feedthroughs. 

336 for connecting to an external radio frequency power In this design, hermetically-sealed multi-zone ICP source 
source or for external interconnection of the antenna coil 35 300 with its eight coil segments employs an eight-zone 
segments to each other via RF capacitors. In one example of sbowerhead 308 with sixteen gas inlets 314. Each shower- 
the FIG. 8 embodiment, middle ceramic plate 306 has a head 308 zone has two gas injection inlets 314 (e.g., SH-11 
12-inch diameter with a 055 inch thickness for eight-inch and SH-12 inlets connected to the sbowerhead zone 1) for 
wafer processing. The plate may be made of aluminum enhanced process uniformity. Each showerhead 308 zone 
nitride (A1N), boron nitride (BN), aluminum oxide (AljOj), 40 may, however, use only one gas inlet 314 as long as the 
or another suitable material. showerhead 308 gas grooves or gas dispersion cavities 316 

FIG. 9 illustrates a top facial view of metallic vacuum provide sufficient gas flow conductance for a xinym metric 
plate 302 for the FIG. 5 embodiment. Top surface 340 of gas injection through the injector plate holes 318. For a 
metallic top plate 302 shows feedth rough channels 312 that single-zone showerhead (e.g., when ICP is used for low- 
permit passage of multi-zone showerhead process gas inlets 45 pressure surface preparation/cleaning applications), only a 
314. The designations of sbowerhead inlets appearing in single gas inlet is required. This can be accomplished by 
FIG. 9 are as follows. SH-81 and SI 1-32 are two half-zone using a gas manifold which connects to al the gas inlets 
showerhead gas inlets for the outermost injection zone holes SH-lly5H-12 through SH-S1/SH-82. A multi-zone gas inlet 
318 for showerhead injector plate 308 of FIG. 5. Each configuration, however, provides the flexibility to configure 
successive designation SH-71 and SH-72, SH-61 and 50 the gas injection as single-zone or multi-zone injection by 
SH-62, SH-51 and SH-52, etc., down to SH-11 and SH-12, appropriate external plumbing and gas manifolding, 
indicate half-zone pairs of showerhead inlets for the asso- For the design shown FIGS. 5 through 9, the multi-zone 
dated showerhead injection zone grooves 318 down to the ICP source water cooling channels are included in top 
innermost showerhead injection zone boles 318 closest to dielectric plate 304. Top dielectric plate 304 also contains all 
the opening for optical plug 110. For the particular configu- 55 the ICP antenna electrical feedthroughs as well as the 
ration shown in FIG. 5, the gas injection inlets (SH-ll/SH- borjded gas injection inlets and water cooling inlet/outlet 
12 to SH-81/5H-82) can be externally configured using gas tubes. If the entire multi-zone ICP source 300 structure is 
manifolds such that the multi-zone ICP source sbowerhead hermetically bonded to the stainless steel vacuum plate and 
may operate as an n-zone sbowerhead with "n" selectable if the ICP dielectric bousing plates (three plates) are made of 
between 1 and 8. In addition to showerhead inlets appearing 60 a relatively high thermal conductivity material such as 
on top surface 340 there also appears ICP source coolant aluminum nitride (A1N) or boron nitride (BN), the cooling 
inlet 322 and ICP source coolant outlet 321. ICP source channels and the associated cooling feedthroughs may be 
coolant inlet 322 provides coolant (e.g., cooling water) flow eliminated from the top dielectric plate. This is possible 
to coolant channels 320 of top dielectric plate 304. Coolant because the ICP housing can be effectively cooled using the 
inlet 346 and coolant outlet 348 provide a coolant flow for 65 water-cooled stainless steel vacuum plate. A thermally con- 
cooling channels embedded wilbin metallic vacuum plate ductive bonded hermetically sealed junction between the 
3*2- metallic vacuum plate and the top dielectric plate will 
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facilitate best transfer from the I CP antenna to the water- nels 422 that support coil segments 424 on their sidewalk, 

cooled vacuum plate. As shown in FIG. 9, this multi-zone These coil segments may be formed by plating of the coolant 

I CP source can be externally configured as an n-zonc source channels. 

with n-1, 2, 3, 4, or even more (up to 8 for this particular m/^ ,~ . .. „ ._ 

design). The conflation shown' in FIG. 9 indicates a s ^3^1 mn 1**^ T" Trl ^ 

three-zone [CP arrangement with three indivkfuaUy con- ** °f, «0-"-A.FIO 13 .ndica^^lant uuet and outo 

trolled RF power supplies. coolant flow through the ICP source bousmg 409 

Th* dp ^T„.^„ km ,u„ , ,, ,, via the coolant channels 422 formed in the middle dielectric 

^ external RF capamtors 356 through 364 reduce the Ule 4^ Moreover electric4l lclds 428 ^ 

induced reactive voltage, resulting in neghgib e capacitive »u^™-.i ^- f ,. ... .^T , 

• ■ . . <■ 1 , , „™T electrical connections of the mum-zone ICP source cool 

AtzssttEtJSis.'si " =r 424 B " - - - d pow " 

segment ICP source has been externally partitioned and , . .„ 

configured as a three-zone plasma source. The outer three .. 14 f^J^ more the structure of middle 

coil segments in conjunction with two external RF capaci- ^lectnc plate 406 of the present embodiment. As FIG. 14 

tors 356 and 358 form the outer ICP zone 350 (using zone-1 lS f£ ICi If .' RF m)1 se 8 meots 424 linc water channels 

power supply RF,). The middle three coil segments nave , ^ d,mi ° atcs for formation of deeper 

been grouped together in conjunction with another pair of cooI f t chanDek for cooun 8 RF coil segments. In addition, 

external RF capacitors 369 and 362 to form the middle or gas dlspen;lon cavmes 416 are fonDcd m the middle dfclec- 

sccond ICP source zone 352 and are powered by RF power ^ pllle 408 for unifonl1 distribution and injection of the 

supply RF 2 . The inner two coil segments are connected in 20 P^f^f ga ^ 'J* b ? ltom di ^?5 ic P'*** 4 ®?- °P««i«« 

series via external RF capacitor 364 and form the inner or 426 . mukUc dKlectnc P lste 406 is of sufficient size to 

third ICP zone 354. The inner zone is powered by the third pemut P* 88 *^ of °P tical P lu 8 119 for in-situ plasma process 

RF power supply (RF 3 ) . These three RF (e.g., 1356 MHZ) momtorin « lad control applications, 

power supplies may also use phase siiflers/controlkrs for Consequently, differences between hermetically-sealed 

enhanced and repeatabks process control. Other external 25 mult i-zone ICP source 300 of FIGS. 5 through 9 and 

wiring arrangements and multi-zone partitioning(two-zoae, multi-zone ICP source 409 of FIGS. 12 through 14 include 

four-zone, etc.) are also possible using the same ICP source U -shape metallized grooves 422 in the middle dielectric 



plate, as opposed to the fully filled metallized grooves. As a 
FIG. 10 shows a cross-sectional view of a modified rcsult of mis difference, a second difference is that multi- 
version of the second multi-zone ICP embodiment (shown in 30 2006 ICP sourcc 400 eliminates the need for fabricating 
FIGS. 5 through 9) where the multi-zone ICP source bousing cooling grooves in top dielectric plate 404. This is because 
has been lowered with respect to the process chamber me trencDes 422 include metallized a'dewall and bottom 
vacuum lid or flange by increasing the spacing between the surfaces to form coil segments 424 and can also allow 
vacuum plate and the ICP housing (by inserting a welded coolant flow for ICP source cooling. This results in a 
cylindrical metallic extension part between the ICP bousing 35 simplified ICP source structure and manufacturing process, 
and the vacuum chamber lid). This modified configuration M witn multi-zone ICP source 300 of FIG. 5, the ICP coil 
provides a smaller minimum ICP source to substrate spacing metallization process for multi-zone ICP source 400 may be 
for enhanced ICP process throughput rate, particularly in performed using one or a combination of sputtering and 
plasma process camber designs where the up/down travel electroplating deposition processes, 
range for the substrate chuck is restricted. FIG. 11 shows a 40 Before the ICP source is hermetically bonded to the 
second cross-sectional view of the modified version of the metallic vacuum plate or chamber vacuum flanges, the ICP 
second multi-zone ICP source embodiment of FIG. 10 coil segments are formed as thin (e.g., 10 fan to 1000 fan) 
mounted on a vacuum process chamber for high -throughput layers of metal (Al or Cu) covering the shallow trench 422 
plasma-assisted processing applications. As shown in FIG. sidewalk and bottom surface. These metallized regions are 
11, the recessed ICP bousmg allows reduced ICP source to 45 formed in the shape of broken rings in middle dielectric plate 
substrate spacing for enhanced process throughput. FIGS. 12 406 top surface. An alternative embodiment can form the 
through 14 show yet another alternative hermetically sealed ,C P antenna metallized broken rings on the bottom surface 
multi-zone ICP source 400 embodiment of the present of top dielectric plate 304. The vacuum plate or flange 402 
invention. This preferred design is essentially similar to the has embedded coolant channels in order to perform addi- 
previous design shown of FIGS. 5 through 9 except for two so tional cooling in the ICP source structure, 
main differences. FIG. 12 shows alternative hermetically- With multi-zone ICP source 400, it is also possible to 
sealed multi-zone ICP source 400 embodiment in cross place the ICP coil segments 424 between the sbowerbead 
sectional view 480 including metallic top plate 402 that 408 and middle dielectric plate 406 by using metallized 
attaches to top dielectric plate 404, preferably using a shallow grooves either on top surface of showerhead plate 
thermal bonding or brazing process Top dielectric plate 404 55 408 or on bottom surface of middle dielectric plate 406. 
attaches to middle dielectric plate 406. Middle dielectric Moreover, by using a hermetic bonding process for the 
plate 406 bonds to gas injector plate 408. Top vacuum plate overall assembly of the multi-zone ICP source and by 
402 includes multiple cbannck 412 for receiving gas injec- providing embedded cooling channels in the top vacuum 
(ion inlets 414. Gas injection inkte 414 pass through top plate 402, the ICP source cooling can be performed by the 
dielectric plate 404, are bonded to the top dielectric plate w top metallic plate 402 and the dielectric coolant grooves 422 
404, and enter middle dielectric plate 406 where they join can be eliminated. This eliminates the need for top dielectric 
showerhead zone cavities 416. Showerhead zone cavities pkte 404 and reduces the overall ICP housing stack to two 
416 provide process gases to showerhead injection holes dielectric plates phis the metallic vacuum lid 402. In this 
418. Passing through alternative ICP source 400 is optical configuration, ICP coil segments 424 may be placed 
phig 110 (or an optical viewport) that hermetic metal seal 65 between the gas dkpersion trenches 422 on the gas show- 
flange 420 connects to top vacuum plate 402. Middle erhead plate 408. Moreover, they can be used as part of the 
ceramic plate 406 includes dktributed cooling water chan- bonding structure for hermetic sealing of the showerhead 
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plate 408 to its adjacent dielectric plate 406 which itself is or bonded to the electrical terminals on the antenna coil 

hermetically sealed/bonded to the metallic top plate 402. segments that appear on FIG. 28. Tbe bottom and top 

This simplified multi-zone 1CP structure is the fourth dielectric plates are bonded together on a continuous ring 

embodiment illustrated in FIGS. 15 through 21. around the edge region as well as on circular bonded 

In order to reduce tbe eddy current RF losses into tbe 5 J unct i° QS (continuous rings) formed between any pair of 

metallic top plate 402 and maximize the RF coupling "yscent coil segments. This will also ensure excellent 

efficiency to the plasma environment, a series of radial strips formal contact between the top dielectric plate 504 and 

of a permeable soft magnetic material or a ferromagnetic b 2, t . 0m d f l tect " c P^te 506. The coil segments can provide 

material (e.g., nickel, iron, etc.) may be placed between Lbs 8 ^ are * for inr P rovttl thcrmal con " 

melallic top plate 402 and tbe multi-zone ICP source 400 w „^ ,„ , 

housing prior to structural bonding. This may be done by \J. .ST* * '"L V f W of . v , acuum P latc 592 of 

depositing the high-pormeabflity magnetic material on muJt ™ l P > » ur « »»• D P^^lar, v«cuum plate 502 

metallic top platT MB using dectrojhting techmW K^T^ T ? ™l ^ 522 and 524 

^I' ffZ ^^^pormtTmTe £^^X&3*S^£SK 

KS^fiv , ° n u- V ™,f? 2Dd ° f 15 ^to to exl mult™ ICP Lu^^TeffSivTS 

h.gh^ermeab.hty matenal Ciron or mckel or another ferro- removal. Gss inlet tubes 512 are shown within channels 514. 

magnetic material) may be inserted witbm these grooves As is the case with earlier described embodiments, tbe 

prior to tbe hermetic bonding process to seal the multi-zone SH-61 and SH-62 gas inlets correspond to the outermost gas 

ICP source 400 housing to metallic top plate 402. These rings of sbowerhead 506. Tbe decreasing number "SH" 

high-permeability magnetic material segments provide »> associated with the gas inlets 512 correspond to the more 

radial paths to close tbe magnetic field lines over ICP coil inward injection rings of sbowerhead plate 506. Vacuum 

segments 424, resulting in improved RF coupling efficiency plate 502 top surface also includes electrical feedtbroughs 

to the internal plasma environment. 538 for connecting to ICP antenna RF coil segments 518 and 

FIGS. 15 through 21, therefore, show a hermetically sbowerhead plate 50$. In tbe FIG. 17 embodiment, electrical 

sealed ICP source 500 with six coil segments and six 25 ^""roughs 538 lnc hidc twelve terminals for six antenna 

sbowerhead injection zones. In general, tbe design shown TL^^T 1 '"T'f? sk W se K mcnls 

here is applicable to any number of cofl segmentfsig and P , , ^ 

any number of sbowerhead injection zones 516. Various . For ime bonded monolithic structure shown in FIGS. 15 

designs with equal or different numbers of coil segments and TT 21 - ^«-coolid v8cuum P Iate 502 provides 

injection zones are possible. 30 c£fcc,Ive coohng of the entire multi-zone ICP source 500 and 

^tSiXKr^SS ^^^^^^^^ 
adjoins mc^showerheruf £Ts£. Spl^ t^^T^^T^ vTi ■ "w^S 
viewport 110 fits within ICP source 500 andfe sealed by 35 fff ' ™ ^ d * kctnC p,ste 504 and 

hermetic metal seals using viewport metallic fla^e 506 TcT^JZl^TJ^ J!° V ^ '^T • Z ° DC 

This permits an optkal view ac3hrough optical^ U0 ^AM^fTf * I T a f^ f"™ 

to tbe substrate within tbe plasm* proce^hlber V^iuxn tf^ffit?, w^lM "^S^ 
plate or flange 502 includes numerous channels 510 for ^Jr^tlZ , 1 ™ W/m * K - *?**°S to FI °- £» 
receiving3-zoDe gas inlet rubes 512. Gasinkt tubes 5 12 40 SSSSSTkISS T^- P "^P"*** 1 
go to process gas dJs£r»on channels 514 within topoTelec- Stoulb^ ^ * 

trie plate 504. Process gas injection boles 516 connect to mnWau^ u „ . , „ 

process gas dispersion channels 514 for directing process " ^fS^ Itomvwof varaptateSIB of the 
gases through modified sbowerhead plate 506. In alternative 13 f" 1 ^ 6 "- fa P irtlcuiar > *• bo" 01 " of 

multi-zone ICP source 500, RF coil segments 518 are 45 IT P u fi sbows «** mlets 512 «»>««ting from 
formed integral to modified sbowerhead J* or bottom ^ Ugh ^"ft 514 88 »^ch^ feedthroughs 530 
dielectric plate 506. In this configuration, there k no need for ^P^ttenigh vicimmplate 502. In ackhbon, tbe bottom 
additional cooling of RF coil segments 518, since effective °j V *T^£ 502 emb<idficd ^ forr °- 

cooling of tbe bonded ICP structure is provided by tbe DMgDCtlC S f 2 r , tbat are nude of a fogb permeability 
embedded coolant channels in the vacuum plate or flange 50 ^pstic materul For example m ope embodiment embed- 
S02. H 8 ded radial rods 532 may be 8" long by 031" wide by 0.25" 

iti/i <( l , . . ,. thick rods of iron or nickel or a more suitable ferromaenetiV 

FIG. 15 shows a stack consisting of three bonded plates. m.^.i 1 JA , , ™TT . T 

Th* irn, n i.t. i» . • i . , H , material with tow eddy-current losses that are inserted uito 

processing (20" diameter for CVC's Universal Plasma 55 ^» 10616 4(6 ten radial rods 532 m vacuum plate 

Module). Gas inlets 512 in the FIG. 15 embodiment are „ .. , , _,- , .„ . 

bonded to me top dielectric plate and fiusfXueTagainS ^ ^ 532 "l* ^ t8 ?°™™ ""■bedded within 

the multi-zone gas dispersion cavities 514. Six cavities 514 m TT ? 502 ^ d m . a y ^ madc of » ma ^ etic 

are shown along with twelve gas inlet tubes 51Z material such as bgh permeability iron wruckel and provide 

r>„ ,u ,u u j , » radial paths to close tbe magnetic field lines below tbe 

n °J* J " Z 0f vacuumplate. This will resultTa reduction of eddy clem 

T^ff^ ^ f Uh5 " Z °f ICP . C0 ' 1 fosses iato " tte vacuum plate and improves tbe 

SSat nt ^ ' ^!L nC PlS l e ° r f W£rhead 0V6rlU ^ti- mi * ICP source 500 RF power coupling 

tt ^' ^ connector rods are thermally bonded, efficiency into the plasma environment. If radS 

^l^i^r JT^^ UPP ! r * Ctoplate - 65 ^»2^ybc4lacedwiffiablarAetpla^^ofton 
Hectncal rods 520 are flushed against the bottom surface or nickel on vacuum plate 502 (in this case the rods and 
of the upper dielectric plate 504 and are subsequently fused grooves will not be needed). 
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For the specific design presented here, the vacuum plate Materials that work well to form dielectric plate 504 and 

has 12 boles fw showerhead gas inlet tubes (SH-ll, SH-12, modified showerhead 505 are numerous. However, certain 

? J? L u'- vJP'P' : ■ : )• • nd another f of 12 materials are particularly preferred for the present embodi- 

tw i fof Z ^m^-f f^- ~ nne f» IB ; M 1 f! COVB ^ These materials include boron nitride, aluminum 

pUte (14- to W in^ameterjX a thickness of 0.25- to Z*2£ " **** 

050" for providing vacuum mechanical strength. e ^ 

FIG. If shows modified showerhead plate 506 of the FIG. ! 0a mtride ( BN ) is refectory material with 

IS embodiment Modified showerhead assembly 505 is physical and chemical properties similar to carbon, 

formed of a dielectric material such as aluminum nitride, Graphite-like (g-BN), wurzite (w-BN) and zinc blend 

aluminum oxide, boron nitrides or another suitable material (z-BN) are known polymorphs of BN corresponding to the 

and includes injector holes 516 and ICP coil segments 518. g™pnite (hexagonal) and diamond (cubic) structures. Trans- 

ICP coil segments 518 are bonded to the top portion of ICP formation of g-BN to w-BN occurs at pressures above 12 

showerhead plate 506 as six monolithic coil segments. GP * at relatively low temperature (230° C). Transformation 
Showerhead injector boles 516 include six rings of holes, 15 of W " BN 10 Z " BN occura ,bove 1300° C. and pressures 

each hole with a diameter in the range of 0.02 inches to 0,06 above 5 5 GPa - 7iac blentl (z-BN) is stable above 55 GPa 

inches, with a total number of boles for each injector aone fsom 1100 ° to 1500 ° c - 

1 through 6 ranging from 50 to 500 (outer rings to have more All forms of BN are good electrical insulators, possessing 

holes). Center hole 534 has a diameter of between 0.25 band gaps of several electron volts (eV); electrical resistance 

inches and 1.0 inches for passage of optical plug 110. ICP of the hexagonal from varies from 1.7xl0 13 ohm-cm at 25° 

coil segments 518 fit within grooves 536 of modified show- C. to 3xl(P ohm-cm at 1000° C. and is little affected by 

erhead 506 which have a depth of 0.001 to 0.1 inches and a frequency. The dielectric constant of hexagonal BN is 3 with 

width of 0.25 to 05 inches. the electric vector parallel to the oasal plane and 5 perpen- 

FIG. 20 shows the top surface view of modified shower- „ dicular to the plane. Consistent with the short interatomic 

head plate 5*6. Modified showerhead 5*6 includes, in the distances and light atomic weights, all forms of EN are very 

FIG. 20 embodiment, six monolithic coil segments 518 that S°od thermal conductors. Boron nitride is chemically inert 

fill substrate grooves 536 (see FIG. 19) and include termi- in most environments, resisting attack by mineral acids or 

nals 538 and 540 for external RF connections to external RF wetting by glasses, slags and molten oxides, cryolite and 
capacitor circuits. The showerhead 506 embodiment that x MSed s»M*f and most molten metals including aluminum. Its 

FIG. 20 shows includes injector holes 516 for injecting rate of oxidation in air is negligible below 1100° C. 

processed gas into the process chamber for plasma process- Hexagonal boron nitride is commonly synthesized as a 

iog of various substrates. fine powder. Powders will vary in crystal size, agglomerate 

Bottom dielectric plate 5*6 serves two purposes. One is to size, purity (including percent residual B 2 Q,) and density, 
provide multi-zone process gas injection, the other is to 35 BN powders can be used as mold release agents, high 
house coil segments 518 (formed by preformed metal seg- temperature lubricants, and additives in oils, rubbers and 
ments to be sandwiched between the two dielectric plates or epoxies to improve thermal conductance of dielectric corn- 
formed by sputtering and/or plating on dielectric plate 506) pounds. Powders also are used in metal- and ceramic-matrix 
which are made of a suitable material such as aluminum or composites to improve thermal shock and modify wetting 
copper. Coil segments 518 fill shallow grooves (0.001" to & characteristics. 

0.100") shaped as broken rings. The surface of dielectric Hexagonal boron nitride may be hot pressed into soft 

plate 506 may be planarizcd using a mechanical polishing (Mobs 2) and easily machinable, white or ivory billets 

process, for example after filling the shallow trenches with having densities 90-95% of theoretical value (2.25 g/cm 9 ). 

mcUL Thermal conductivities of 17-58 W/ra-K and CTEs of 
FIG. 21 shows a bottom surface view of top dielectric « 0.4-5x10-°/° C. are obtained, depending on density, orien- 

plate 5*4 of the FIG. 15 embodiment. Attaching to top tation with reaped to pressing direction and amount of boric 

dielectric plate 504 are stainless steel tubes 512 for provid- oxide binder phase. Because of its porosity and relatively 

ing plasma process gas to gas dispersion cavities 514. low elastic modulus (50-75 GPa), hot pressed boron nitride 

Staintess steel tubes 312 are bonded stainless steel tubes for has outstanding thermal shock resistance and fair toughness, 
multi-zone gas injection through gas dispersion cavities 516, so Pyrolytic boron mtride, produced by chemical vapor depo- 

with two tubes positioned 180° apart for each gas dispersion sition on heated substrates, also is hexagonal; the process is 

cavity ring Bonded aluminum rods 520 form six pairs for used to produce coatings and shapes having thin cross 

electrically connecting coil segments 518 to external RF sections. 

capacitors and RF power supplies. FIG. 21 also shows Cubic boron mtride is second in hardness only to dia- 

openmg 534 for passage ofoptical plug 110. Compared to 5 5 mond. It is used for high-performance tool bits and in special 

the previous multi-zone ICP source embodiments of this grinding applications. Cubic BN tooling typically outlasts 

rS T T 1 « ffere , s ? nK . Stages due to its alumina and carbide tooling and is preferred in applications 

sunphfied structure and reduced fabrication cost. where diamond fa mt ^ „ ^ of 

Gas dispersion cavities 514 arc formed as ring-shaped ferrous metals. Aluminum Nitride (A1N) has a molecular 

cavities (0.25--O50" wide by 0.25" to 050" deep). These 60 weight of 40.99, density of 3.26 g/cm 3 , CTE of 4.6xlO~ 6 r 

cavities will overlay the multi-zone injector botes 516 in the C, m.p. of 2200° C. under 4 atm of N 2 , and sublimes at 1 

bottom dielectric plate. Also shown in FIG. 21 are the gas atm. A1N has a white, hexagonal crystal structure and its 

inlet tube ends 520 (twelve tubes shown for a six-zone powder bydrolyscs on contact with water or water vapor 

injector) located within the gas dispersion cavities. Each pair Water-resistant powders that allow aqueous processing are 

of inlet tubes are connected together externally to a single 65 commercially available. AfN is stable against acids and only . 

gas control manifold and valve to form a controlled six-zone slightly reacts with bases. It is made by reacting aluminum 

(or n-zone with n-lA3. • • •) process gas injector. metal with nitrogen, by reduction of aluminum oxide with 
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carbon in the presence of nitrogen or ammonia, or by 
decomposition of the product of reaction between aluminum 
trichloride and ammonia. AIN powder may be sintered to 
full density above 1800° C. in 1 arm of Nj with the addition 
of sintering aids such as Y 2 0 3 or CaO. Thermal conductivity 
in excess of 200 W/mK can be achieved in sintered parts, 
which is five times that of aluminum oxide. The dielectric 
strength of AIN is 15 times that of aluminum oxide, and 
electrical resistivity and mechanical strength are comparable 
to that of aluminum oxide. Its dielectric constant is about 
half that of aluminum oxide. Major applications include 
thermally conductive substrates and heat sinks for 
semiconductors, automotive and transit power modules, 
mobile communications and multkhip modules. Other prop- 
erties of AIN appear in the following table. 
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sors such as plasma emission sensors and spatially resolved 
plasma emission sensors may also be used for process 
monitoring and control purposes. 

The multi-zone 1CP source 601 is positioned over a chuck 
606 supporting the substrate 607 to be processed. Preferably, 
chuck 606 controls the substrate 607 temperature by con- 
trolled beating and/or cooling during the plasma process. 
The substrate 607 is preferably clamped to the temperature- 
controlled chuck 606 either by electrostatic or mechanical 
means. Moreover, the chuck 606 preferably has a capability 
for up/down movement and height adjustment with respect 
to the I CP source housing 601. This will provide a very 
useful capability for adjusting the ICP source to substrate 
spacing in order to optimize the plasma process parameters 
15 such as process uniformity while maintaining sufficient 
process throughput. For instance, reducing the ICP source to 
substrate spacing results in increased plasma density and ion 
current density at the wafer, causing enhanced plasma 
process rate. If the ICP source to substrate spacing becomes 
20 too small, the process uniformity may degrade and there 
may also be additional problems associated with plasma- 
induced device damage and excessive eddy-current heating 
of the substrate 607. 

The plasma process chamber provides a vacuum chamber 
access valve for automated loading and unloading of the 
substrate 607 into and out of the vacuum process chamber 
603. Moreover, the plasma process chamber 605 connects to 
a vacuum pump (e.g., turbo pump and/or mechanical pump) 
via pump port 629. 

The chuck 606 preferably provides an option for electrical 
biasing (e.g., 1356 MHZ RF or 100 kHz-400 KHz AC 
power supply) of the substrate 607 via power supply 614 and 
coupling capacitor 615. This electrical bias provides a good 
35 control over the plasma ion energy impacting the substrate 
607. 

FIG. 22 shows a three-zone ICP configuration with the 
outer zone, middle zone, and inner zone powered by the RF 
power supplies RF, (688), RF 2 (609% and RF 3 (610), 
40 respectively. As shown in this FIGURE, the RF power 
supplies are connected to the ICP antenna zones, preferably 
via series blocking capacitors 630, 631, and 632. Moreover, 
external inter-segment series capacitors C t (611), Cj (612), 
FIG. 22 demonstrates the schematic diagram of a plasma aQ d C, (613) connect the antenna segments in series within 
equipment process chamber 600 comprising one of the 45 c,cn zone (outer zone, middle zone, and inner zone, 
multi-znnc ICP structures of this invention. The particular respectively). These series capacitors ensure reduced 
example shown in FIG. 22 shows i three-zone configuration induced RF voltages within various zones, resulting in 
in conjunction with three RF power supplies for the ICP improved inductive plasma coupling and reduced parasitic 
source structure. The multi-zone ICP source structure 601 capacitive coupling of the energy source to the plasma 
employs a hermetically bonded structure of dielectric plates so medium. The multi-zone ICP 601 RF power supplies (688, 
(e.g., made of a ceramic material with relatively high 689, 618) may employ source frequencies over a wide range 
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thermal conductivity) containing the ICP antenna coils and 
gas sbowerbead dispersion cavities (not shown). The ICP 
bousing 601 is also hermetically bonded and sealed to the 



(e.g., 1 MHZ to over 30 MHZ), and preferably a fixed 13.56 
MHZ frequency. Moreover, these multi-zone power supplies 
may use external RF matching networks (not shown in FIG. 



metallic vacuum plate or flange 603. The vacuum plate or 55 22) placed between the RF power supplies and the ICP 



flange 603 is placed onto the plasma equipment process 
chamber 665 and established chamber vacuum using 
vacuum seal 622. This configuration places the multi-zone 
ICP housing on the vacuum side 620 of the process chamber 



antenna zones for improved load matching, improved RF 
power coupling, and improved plasma process repeatability. 
Tbe RF power supplies may also employ phase shifters 616 
in order to control the phase angles among various RF power 



605. Tbe ICP source 601 provides a vacuum-sealed optical 60 supplies for improved process uniformity and repeatability, 

(e.g., sapphire or quartz) plug or viewport 604 for real-time The phase shifters 616 become non-essential when tbe 

in-situ process monitoring and control purposes by moni- power supplies use different frequencies. For instance if a 

taring tbe plasma process side 620 and/or substrate 607 stale 100 kHz power supply is used for tbe substrate bias' and 

parameters. For instance, FIG. 22 shows a full wafer inter- three 1356 MHZ RF power supplies are employed for 

ferometry sensor 617 mounted on lop of the optical plug 604 65 powering tbe multi-zooc ICP antenna, there is no need for a 

for real-time in-situ monitoring and control of the plasma phase shifter between the substrate power supply and the 

process uniformity on tbe substrate 607. Other in-situ sen- multi-zone ICP power supplies. Tbe ICP RF power supplies, 
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however, may employ phase shifters/controllers to control is configured by combining the fmh and sixth antenna 

the phase angles for RF, (608), RF 2 (609), and RF 3 (618). segments using a series capacitor 810 placed between nodes 

\* i-Ti-* 180 Kh ° W * coolmt inl6t 633 ^ Kwiant C 32 and C^. A third RF 3 power supply 807 powers the inner 

outlet 634 lines for flowing the coolant (e.g., cooling water) zone via .series blocking capacitor 817. Three phase shifters/ 

through the metallic vacuum lid. Due to the hermetically $ controllers 863, 804, 806 may be used in order to control the 

sealed bonded structure of the I CP source with the therma lly relative phase angles of various RF power supplies for 

conductive bonded/sealed interfaces 640 (between the top process uniformity and repeatability. For a given multi-zone 

dielectric plate and the metallic vacuum lid) and 641 ICP source structure, various types of ICP antenna segment 

(between the lower and upper dielectric or ceramic plates), partitioning may be used for a given number of zones. In the 

the cooled metallic vacuum plate/lid also serves as an 10 example shown in FIG. 24A, each antenna zone has received 

effective heat removal or heat sink medium for the ICP two adjacent antenna segments. The optimum partitioning 

housing. This will ensure that the ICP housing temperature configuration should provide the best amount of control over 

with maximum RF power levels running through the plasma process uniformity. 

antenna segments will remain well below 100" C. FIG. 24B illustrates a two-zone ICP arrangement wherein 

As shown in FIG. 22, the ICP process gases 633 are fed 1S 'he outer zone is formed by grouping the first and second 

to the ICPshowerhead plate 603 via the gas manifolds 618 antenna segments while the inner zone is configured by 

and 619. The external manifolding of the ICP gas lines can grouping the third through sixth antenna segments. The 

be designed to meet the specific plasma process uniformity outer zone employs a series capacitor between nodes C, 2 

and defect density requirements. The gas injection system and Cjj in conjunction with a first RF, power supply 90S 
can be set up for either single-zone or multi-zone gas M connected to nodes C^ and C^ via a series blocking 

injection (a two-zone injection using two gas manifolds is capacitor 913. The inner zone utilizes series capacitors 908 

shown in FIG. 22). (between nodes C 32 and C Ai ), 909 (between nodes C 42 and 

FIG. 23 shows an example of a two-manifold gas injec- c si) and 910 (between nodes C, 2 and C 61 ). A second RF 2 

tion configuration 700 used with the multi-zone ICP source P ower supply W6 connects to inner zone nodes G,j and C^ 
structures of this invention. FIG. 23 shows six pairs of gas 25 via series blocking capacitor 914. An RF power supply 901 

inlet lines 703 for the multi-zone ICP source. The schematic connects to the plasma equipment chuck via series blocking 

diagram of FIG. 23 also shows up to six different process capacitor 902 in order to produce substrate RF bias. Phase 

gases 704 and 703 corning from the ICP equipment gas box. sMfters/conrrollers 903 and 904 may be used in order to 

The multi-zone ICP source dispersion cavities employ one control the relative phase angles of various RF power 
pair of inlets for each gas dispersion cavity corresponding to 30 ^PPhes. 

each gas injection ring of boles in the showerhead. For One important advantage of the multi-zone ICP structures 
instance, SH-61 and SH-62 both connect to the sixth (or and methods of this invention is that for any given source 
outermost) gas dispersion cavity in the multi-zone ICP structure numerous multi-zone wiring arrangements and 
source structure while the inlet lines SH-11 and SH-12 both antenna segment partitioning configurations are possible 
connect to the first (or innermost) gas dispersion cavity. As 3s simply by changing the electrical wiring external to the 
shown in the example of FIG. 23, process gases A, B and C source. Therefore, this invention provides a significant 
(705) are connected together via the first gas manifold 701 amount of flexibility for optimizing the multi-zone ICP 
and subsequently inject into the showerhead injection rings source zoning and partitioning in order to establish the 
2, 4, and 6. On the other hand, process gases D, E, and F widest possible plasma process window and the best process 
(704) are connected together using the second gas manifold 40 uniformity. Moreover, the multi-zone ICP source structures 
702 and subsequently inject into the plasma process chain- and methods of this invention are scalable to allow uniform 
ber via the showerhead injection rings 1, 3 and 5 (SH-11/ processing of larger substrates such as 300-mrn silicon 
SH-12, SH-31/SH-32, and SH-51/SH-52 inlets). This wafers and large-area fUt-parrel display substrates, 
arrangement effectively configures the multi-zone ICP injec- The hermetic sealing fabrication method preferably used 
tor as a two-zone showerhead where premising of the first « for fabrication of the multi-zone I CP source structures o f this 
group of process gases 705 and the second group of process invention result in extremely high vacuum integrity, ultra- 
gases 704 fe prevented. It should be understood that other high vacuum (UHV) compatibility, and ultra-clean plasma 
gas connection configurations and zone partitioning arrange- processing. For instance, the multi-zone ICP source struc- 
ments arc possible for the multi-zone ICP structures of this hires of this invention are compatible with vacuum base 
invention. M pressures as low as 5xl0~ 9 Torr and better. 

FIGS. 24A and 24B illustrate a three-zone and a two-zone For a given multi-zone ICP source structure and a speci- 

ICP mixing arrangement, respectively, for one embodiment fled process application, the optimum zoning and antenna 

of this invention with six antenna segments. As shown in segment partitioning (or grouping) between the antenna 

FIG. 24A, an RF power supply 801 is used to provide zones can be obtained by performing a series of Design-of- 

substrate bias via series or blocking capacitor 814. 55 Experiments (DOE) with various external wiring configu- 

Moreover, the ICP antenna segments (six segments in this rations. The multi-zone ICP series capacitors are selected to 

example) are externally partitioned and wired to form three minimize the antenna RF voltages within various zones 

ICP zones (edge zone 811, middle zone 812, and center zone depending on the RF frequency. 

813). In edge zone 811, the outer two antenna segments In most practical plasma process applications, the multi- 
segments 1 and 2 with connector nodes C 1J /C t2 and C,,/ so zone ICP structures of this invention can meet the process 
C 22 ) employ a series capacitor 808 to bridge the two requirements using a two-zone or a three-zone configuration 
segments. A first RFj power supply 803 connects to C,, and (e.g., two-zone configuration for up to 200^nm wafer 
C " ™ «nes blockmg capacitor 815. The middle zone 812 processing). Larger substrates (e.g., 300-min silicon wafers) 
is formed by bridging the third and fourth antenna segments may benefit from a higher number of zones. A multi-variable 
using a senes capacitor 809 placed between nodes C 32 and 65 real-time controller may be used in conjunction with a 
C "- tT*? ^ SUpply 805 P° wcrs <** mitkUe ^^le sensor (e.g., a full-wafer interferometry sensor) in 
zone 812 via series blocking capacitor 816. Inner zone 813 order to control the process uniformity and repeatability 
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The multi-zone ICP structures of this invention may the variable capacitor valves or the extent of transformer 
employ cither straight lined-up electrical connection coupling ratios. For instance, a multi-variable real-time 
feedthroughs for the ICP antenna segments (as described and controller will adjust the multi-zone transformer coupling 
shown for various embodiments) or tbey may utilize stag- ratios M„ Mj, and M 3 for real-time multi-zone uniformity 
gered electrical feedthroughs in order to prevent any pos- 5 control. 

sible plasma process non-uniformities associated with the The present invention also proposes a hermetic sealing 
lined up segment ring breaks in a non-staggered arrange- fabrication process for construction of various planar single- 
ment. For instance, for a multi-zone ICP structure with eight zone and multi-zone source structures for various plasma 
circular antenna segments, one type of design may employ processing applications. The hermetic sealing fabrication 
eight pairs of electrical feedthrough connector leads lined up 10 process of this invention eliminates the need for elastomer- 
along two straight (nearly radial) lines extending between ring seals for the ICP source assembly, resulting in improved 
tire center and edge regions of the ICP housing. In this vacuum integrity (i.e., reduced plasma chamber vacuum 
design, there may be some plasma density non-uniformity base pressure and reduced leak-back rate), improved process 
directly underneath the source (and very close to the source) cleanliness, and increased source lifetime. Polymer-based 
and between the two segment feedthrough lines. This pos- 15 vacuum seals such as elastomer O-ring seals tend to degrade 
sible non-uniformity can be produced due to the break in the over time particularly in presence of plasma and/or heat 
current flow through each broken antenna segment ring and The preferred fabrication method of this invention 
due to the cumulative non-uniformity effects of the non- employs a thermal bonding or brazing process for final 
staggered or straight lined-up feedthroughs. On the other assembly of the source structure. For instance, the preferred 
hand, the eight pairs of feedthroughs for eight broken ring jo fabrication method of this invention is briefly described for 
antenna, segments can be staggered at, for instance, 40° to the fourth multi-zone source structure of this invention 
45° for each pair of adjacent segments in order to utilize the employing a metallic vacuum plate or vacuum lid and two 
full 360° planar staggering of the feedthroughs in a spiral dielectric plates. As shown in FIG. 26, ICP source structure 
pattern. This will eliminate the possible cumulative non- 1998 comprises vacuum lid/plate 1010, upper dielectric 
uniformity effects of various antenna segment breaks and & plate 1030, and lower dielectric plate 1050. Vacuum iid/plale 
associated feedthroughs. Thus, the minimum allowable ICP 1010 can support the entire ICP housing, provide the process 
source-to-substrate spacing for acceptable plasma process gas inlets and electrical feedthroughs (not shown here), and 
uniformity is smaller in the case of staggered electrical serve as a cooling medium for the ICP source bousing during 
feedthroughs (e.g., spiral staggered feedthrough pattern) operation. Upper dielectric plate 1030 is preferably made of 
compared to the non-staggered feedthrough pattern. 30 a high thermal conductivity ceramic material such as alu- 

Due to the proximity of the gas dispersion cavities to the minum nitride (A1N) which provides a medium for hermetic 
multi-zone antenna segments in various TCP embodiments sealing of various process gas inlets and electrical 
of this invention, there is a possibility of plasma formation feedthroughs. Upper dielectric plate 1010 serves to separate 
within the gas dispersion cavities. This possible plasma the ICP antenna structure from the metallic (e.g., stainless 
formation in the gas dispersion cavities can be avoided by 35 steel) cooled base plate 1010 for effective inductive RF 
various means and techniques. One method is to fill lbs gas coupling to the plasma medium, to contain the gas disper- 
dispersion cavities with a suitable ceramic fiber or ceramic sion cavities, and as a beat transfer medium for effective 
powder (e.g., with controlled spherical ceramic particle cooling of the ICP antenna structure (located at the bottom 
size). Filling the gas dispersion cavities with a ceramic of this upper dielectric plate 1030) during the ICP source 
powder or a ceramic filler can be performed prior to final -to operation. Lower dielectric plate 1050 preferably holds the 
assembly and hermetic bonding of the multi-zone ICP ICP antenna structure and the gas injection holes mat 
source structure. communicate with the gas dispersion cavities in the upper 

The multi-zone ICP source structures of the present dielectric plate 1030. Lower dielectric plate 1050 is also 
invention may use separate RF power supplies and dedicated preferably made of a high thermal conductivity ceramic 
matching networks for each of the ICP antenna zones (e.g., « material such as A1N. 

three RF power supplies and three RF matching networks A preferred ICP source fabrication process flow is now 
for a 3- zone ICP source wiring arrangement). Another described. Referring to FIG. 26, the metallic vacuum plate/ 
method, however, is to electrically wire the zones in parallel lid 1010 is separately manufactured using a suitable material 
with either a fixed capacitor or a variable capacitor con- such as stainless steel (or aluminum). Preferably, stainless 
nectcd in series with each of the zones in order to adjust the 50 steel m used for fabrication of vacuum plate 1010 for 
effective toad impedance and electrical current associated ultra-high vacuum (UHV) applications requiring extremely 
with each zone. Another possibility is to use adjustable (e.g., low vacuum base pressures. Vacuum plate 1010 holds the 
mechanically adjustable with server or stepper motors) embedded coolant channels for marring a coolant (e.g., 
transformer couplings for various zones with a single trans- water) flow as well as various through holes for passage of 
former primary coil attached to a single RF power supply ss the metallic rods connecting to the antenna segments as well 
and a single RF matching network (RF matching Detwork as the process gas inlet tubes. The bottom surface of vacuum 
may not be needed). These possible arrangements allow plate 1010 is highly polished in order to provide a suitable 
effective real-time multi-zone ICP plasma uniformity con- area for a subsequent hermetic bonding or brazing process. 
Irol with a single RF power supply, resulting in reduced The lower or bottom surface of the stainless steel vacuum 
system cost and complexity. FIGS. 25A and 25B show so lid/plate 1010 (corresponding to the ICP housing area) is 
examples of two power supply wiring arrangements then coated with a suitable thermal bonding or brazing 
enabling 3-zone ICP operation and control using a single RF material (e.g., tin, indium or a suitable alloy) by sputtering 
power supply. FIG. 25A shows a parallel capacitive wiring or electroplating. 

arrangement while FIG. 25B demonstrates an adjustable The upper dielectric (e.g., A1N or ceramic) plate 1030 is 
transformer coupling configuration allowing multi-zone 65 also separately fabricated along with various embedded gas 
operation. A real-time multi-variable controller will provide dispersion channels positioned on its bottom surface as well 
control signals for the stepper or servo motors controlling as all the necessary through boles for light (e.g., shrink fit) 
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insertion of the process gas feed lines and the antenna 1030 is brought into contact with the upper dielectric plate 

connector rods. For instance, for a multi-zone I CP source 1030, sandwiching the antenna segments (not shown in FIG. 

with six antenna segments and six gas dispersion cavities, 26) between them. 

upper dielectric plate 1030 may contain twelve holes for FIG. 2* also shows a cross-sectional view of the circular 

tight fit insertion of sue paus of electrical connector rods and 5 rmgs of me bonding material coating layers 1040 (shown as 

anothersa pairs of boles for tight fit insertion of six pairs of multiple lines between points C and D) on the bottom 

stainless steel gas inlet tubes. For instance, if the electrical surface of upper dielectric plate 1030 and on the top surface 

connector rods and gas inlet tubes all have 0.25 inch external 0 f lower dielectric plate 1050 (the top and bottom coating 

diameters, the lower dielectric plate 1058 should have patterns are mirror images of each other), 

twenty-four through holes with each through bole having a 10 After mechanical clamping of the entire structure the 

diameter of 0.25 inch. The inner sidewalk of the through mechanically clamped assembly is placed inside a vacuum 

holes, the top surface, and select areas on the bottom surface or purged thermal furnace and heated to an appropriate 

of the upper dielectric plate 1030 are coated with a suitable temperature (e.g., up to 200° 0 300" C. for indium or tin 

hermetic thermal bonding material such as indium, tin, or a bonding) and then cooled down and removed. This will 

suitable metallic alloy with a relatively low (e.g., §400° c.) 1S result in thermal fusing of the assembled structure by 

melting point. This coating process may be performed by formation of hermetically sealed bonded junctions wherever 

plasma sputtering, evaporation, or electroplating. 106 bonding material coatings have been in contact For 

Similarly, the external surfaces of the electrical connector instance, hermetically sealed bonded junctions are formed as 

rods and gas line tube sections are also coated with the same bonded interface region 1020 between the ICP housing top 

thermal bonding or brazing material (e.g., indium, tin, or a a, die,£Ct ^ c P lale 1*3* *nd metallic vacuum plate/lid 1010, as 

suitable metallic alloy) using a suitable material deposition weI1 as in lhe continuous rings 1040 at the interface between 

process (plasma sputtering, vaporization, electroplating, or tDe a PP° T dic lsctric plate 1*30 and lower dielectric plate 

other process). Subsequently, the electrical connector rods 1 ® 5 ®' Moreover, 'his thermal anneal process will form 

and gas inkt tube sections are cooled (e.g., in liquid hermetically sealed junctions between the electrical rods and 

nitrogen) and rapidly inserted into the respective through ! iKsir rcs f cctive support holes as well as between the gas 

holes fabricated in the upper dielectric plate 1030. m } at tubcs tncu " respective support boles in the upper 

Separately, the tower dielectric plate 1030 is fabricated dklectric P lste 1030 - ' nt temporary mechanical clamping 

along with the shallow trenches on its top surface for can lbcn removed. This process will result in a 

insertion of antenna segment broken rings and through gas My ^nnstically-sealed and self-supporting ICP source 
injection boles. The broken ring antenna segments may be 30 stnlctale without any need for elastomer seals and without 

formed by filling the shallow trenches with a suitable metal m for P 6 ™" 611 ' clamping brackets or screens. This 

such as aluminum or copper using one or a combination of hermetically-sealed ICP source can then be mounted on a 

physical-vapor deposition (e.g., plasma sputtering) and elec- phsaM <xi m P ment Process chamber using a confiat flange 

troplating processes. An alternative method is to separately meUd , seil betwea the vacuum lid 1010 and the process 
form the individual antenna segments (e.g., by machining or 3S chanlber tor vacuum integrity and process cleanliness, 

stamping) and subsequently insert them in their respective The key advantages of the hermetic sealing fabrication 

trenches on the lower dielectric plate 1050 to be perms- process flow of this invention can be summarized as follows: 

nently sandwiched between the two dielectric plates 1030 No elastomer seals resulting in improved process 

and 1050 during the final assembly. Select areas of the top cleanliness, enhanced vacuum integrity, and improved 

surface of the lower dielectric plate 1050 (for instance, 40 source lifetime. 

coatinudus narrow rings, one near the edge of the ICP Hermetically sealed bonded junctions provide low- 
dielectric housing, and additional narrow rings located thermal resistance beat transfer junctions, allowing 
between the adjacent antenna segments and not overlapping cooling of the ICP bousing by the cooled vacuum plate 
with the positions of the gas dispersion cavities in the upper 1010. 

dtofectric plate 1030 after the final assembly) are also coated 45 Hermetically sealed structure eliminates the possibility of 

with the thermal bonding or brazing material (indium, tin, or any outgassing and/or virtual leak surfaces/junction 

a suitable metallic alloy). resulting in improved vacuum integrity and process 

Subsequently, the ICP source assembly comprising the deanliness. 
metallic vacuum plate 1010, upper dielectric plate 1030 with Hcrmetical sealing fabrication process flow is applicable 
all associated electrical rods and gas tubes, and the lower so to various single-zone and multi-zone planar ICP 
dielectric plate 1050 along with the ICP antenna segments designs of this invention and prior art structures, 
placed in the designated shallow trenches, is assembled and The hennetical sealing fabrication process flow results in 
temporarily held together by mechanical clamping of the reduced cost-of-ownership for [CP-based plasma pro- 
assembled structure. Assembling the ICP source is per- cessing while enabling high-performance plasma pro- 
formed by first bringing the metallic vacuum plate 1010 and ss cessing. This is due to extended I CP source reliabflify, 
top dielectric plate 1030 together and feeding the ends of the lifetime, and enhanced process cleanliness, 
electrical tods and gas tube lines lightly attached to the upper Although the invention has been described in detail herein 
dielectric plate 1030 through the respective larger diameter with reference to the illustrative embodiments, it is to be 
through boles formed in the vacuum plate 1010. Ink will understood that this description is by way of example only 
allow the bottom surface of the vacuum plale 1010 to come 60 and is not to be construed in a limiting sense. It is to be 
mto a clean planar contact with the top surface of the upper further understood, therefore, that numerous changes in the 
dielectric plate 1030. Both these surfaces are covered with details of the embodiments of the invention and additional 
the bonding material (indium, tin, or another material) embodiments of the invention, will be apparent to, and may 
through the entire interface contact region 1020 shown be made by, persons of ordinary skill in the art having 
between points A and B in the cross-sectional view of FIG. 65 reference to this description. It is contemplated that all such 
26 (for simplicity, FIG. 26 does not show structural details changes and additional embodiments are within the spirit 
such as the rods or tubes). Then, the lower dielectric plale and true scope of the invention as claimed below 
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What is claimed is: 

1. A method of fabricating 
source structure, comprising: 

forming i dielectric housing including an integral 
inductively-coupled source antenna; 

forming a source support plate; 

placing a bonding material between said dielectric hous- 
ing and said source support plate; 

mechanically clamping said dielectric housing against 
said support plate to form a structure having the bond- 
ing material between said dielectric housing and said 
support structure; and 
performing a thermal anneal process on said clamped 
structure to form a hermetically-sealed junction 15 
between said dielectric housing over the entire area of 
said support plate. 

2. The method of claim 1 wherein placing a bonding 
material between said dielectric bousing and said source 
support phte further connirises placing a thin foil of thermal 20 
bonding material between said dielectric housing and said 
source support plate, said thin foil having a melting tem- 
perature T<600° C. 

3. The method of claim 1 wherein placing a bonding 
material between said dielectric housing and said source 
support plate further comprises depositing a low melting 
point material layer on a surface of the said dielectric 
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4. The method of claim 3 wherein depositing a low 
melting point material layer on a surface of said dielectric 
housing further comprises depositing a layer of indium on a 
surface of said dielectric bousing. 

5. The method of claim 3 wherein depositing a low 
melting point material layer on a surface of said dielectric 
housing further comprises sputtering a low melting point 35 
material layer on a surface of said dielectric housing. 

6. The method of claim 3 wherein depositing a low 
melting point material layer on a surface of said dielectric 
bousing further comprises electroplating a low melting point 
material layer on a surface of said dielectric bousing. 40 

7. The method of claim 3 wherein depositing a low 
melting point material layer on a surface of said dielectric 
housing further comprises evaporating a low melting point 
material layer on a surface of said dielectric housing. 

8. The method of claim 1 wherein forming a dielectric 45 
housing further comprises; 

forming a lower dielectric plate; 

forming an Upper dielectric plate; and coupling said 
lower dielectric plate to said upper dielectric plate such 
that an inductively-coupled source antenna is held 
between said lower dielectric plate and said upper 
dielectric plate. 

9. The method of claim 8 wherein forming a lower 
dielectric plate further comprises; 

forming the lower dielectric plate from ceramic material 
with a relatively high thermal conductivity; 

forming a plurality of shallow trenches on a surface of 
said lower dielectric plate facing said upper dielectric 
plate; and 

farming a plurality of gas injection holes operable to 
allow passage of a plurality of electrical connector rods 
and a plurality of process gas inlet tubes. 

10. The method of claim 9 wherein forming an upper 
dielectric plate further comprises; 

forming the upper dielectric plate from ceramic material 
with a relatively high thermal conductivity; 
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embedding a plurality of gas dispersion channels on a 
surface of said upper dielectric plate facing said lower 
dielectric plate; and 
forming a plurality of through boles on a surface opposite 

the plurality of gas dispersion channels for 
receiving a plurality of process gas inlet tubes and a 
plurality of electrical connector rods. 

11. The method of claim 10 wherein forming a support 
plate further comprises; 

forming the support plate from a metallic material; 
forming the support plate to have a highly polished 
surface on a side operable to receive a bonding material 
for coupling said support plate to said dielectric hous- 
ing; 

forming a plurality of cooling channels in the support 
plate, said coolant channels operable to flow a coolant 
to cool said ICP source; and 
forming a plurality of through boles in the support plate 
operable to allow passage of a plurality of electrical 
connector rods and a plurality of process gas inlet 
tubes. 

12. The method of claim 11 further comprising; 
coating the highly polished surface of the support plate 

with a bonding material; 
coating the feedih rough hole sidewalls of the upper 
dielectric plate and the upper dielectric plate with a 
bonding material; 
coating the surface of the upper dielectric plate facing the 

support plate with a bonding material; 
coating selected portions of the upper dielectric plate 
facing the lower dielectric plate with a bonding mate- 
rial; 

coating the external surfaces of the plurality of electrical 
connector rods with a bonding material; 

coating the external surfaces of the plurality of process 
gas inlet tubes with a bonding material; 

inserting said plurality of process gas tubes and electrical 
connection rods through said support plate; cooling 
said plurality of process gas tubes and electrical con- 
nection rods; 

inserting the cooled process gas tubes and electrical 
connection rods into the respective through botes in 
said upper dielectric plate; 
inserting a plurality of antenna segments into the shallow 

trenches formed in the lower dielectric plate; 
coating the surface of the lower dielectric plate facing the 

upper dielectric plate with a bonding material; 
assembling said support plate, said upper dielectric plate, 

and said lower dielectric plate. 
13. The method of claim 12 wherein assembling said 
support plate, said upper dielectric plate and said lower 
dielectric plate further comprises; 
feeding said plurality of electrical connector rods and said 
plurality of process gas inlet tubes through the respec- 
tive through holes formed in said support plate; 
bringing said polished support plate surface with bonding 
material in contact with said upper dielectric plate 
surface facing said support plate; 
bringing said shallow trench surface of lower dielectric 
plate having the bonding material in contact with said 
upper dielectric plate surface facing said lower dielec- 
tric surface; 

clamping the entire support plate, upper dielectric plate, 
and lower dielectric plate structure together; and 
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beating the clamped structure to an appropriate bonding 17. The method of claim 11 wherein forming said support 

temperature and subsequently cooling the clamped plate further comprises forming a stainless steel support 

structure to thermally fuse the surfaces with a bonding plate. 

material to form a hermetically seated bonded junctions 1* ■ The method of claim 11 wherein forming said support 

at these surfaces. 5 pkte further comprises forming an aluminum support plate. 

14. The method of claim 8 wherein coupling said lower 19 ^ ractbod of ctsim 1 further comprising coupling 
dielectric plate to said upper dielectric plate further com- SJud su PP° rt P late lo a P'*sm* process chamber to provide a 
prises thermally bonding said lower dielectric plate to said V ^"^ 1 ' m /"f«7 f Phsma process chamber, 
upper dielectric plate to form a termetically-sealed contact f' • metl ? od of dalm 1 fimher 

junction between said lower dielectric plate and said upper to formiDg * subsUntiall y P Iiniir Electric bousing; 

dielectric plate. forming a substantially planar source support plate; and 

15. The method of claim 14 wherein thermally bonding forming a substantially planar hermetically-sealed junc- 
said lower dielectric plate to said upper dielectric plate t^ZL ... ... ,„ c L . . , , 

further comprises thermal bonding a relatively low melting ,1?? mctbod of cUun U furlbcr comprising forming a 

point alloy with melting temperature T<600 9 C. between is ""IfS, T" 1 "* ^ ^P 08 "^ ™ electrically 

said lower dielectric plate arXLd.upper dielectric pbT H^.T^ 'Tn^. ° f °* h ™ 

duL* r? l d bWer the hermeucany- 

SSl h^ T% d ' £ ^ C & fu , rther *»W comprises a continuous bermetTinSe 

P thennaUy brazing sud tower dietectnc plate to said between a surface of the dielectric housing in contact wkh 

upper dielectnc plate to form a hermetically-tsealed contact 20 a surface of the source support plate 
junction between said lower dielectric plate and said upper 

dielectric plate. , » , ♦ . 
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[57] ABSTRACT 

Cathode sputtering apparatus with at least two adja- 
cently arranged stations including a charging station 
and a coating station. At least one sputtering cathode 
and a substrate carrier that can execute reciprocatory 
movement between the stations are arranged on a vac- 
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lation line is led through the pivot bearing to the sub- 
strate holder. 
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„. Thermal stress of the substrate is particularly un- 

CATHODE SPUTTERING APPARATUS WITH avoidable in so-called plasma processes that form the 
ADJACENTLY ARRANGED STATIONS basis of a cathode sputtering procedure as well as a 
, plasma etching procedure. In this connection, the ther- 
This invention relates to cathode sputtering apparatus 5 mal stress with so-called diode systems is greater on 
with at least two adjacently arranged stations including account of the longer duration of the procedure, than in 
a charging station and a coating station, and with a so-called magnetron cathodes, in which the plasma 
vacuum chamber, at least one sputtering cathode, and a discharge is limited to a narrow region of the cathode 
substrate holder able to execute reciprocal movement and target surfaces. The thermal stress is less simply on 
between the stations. 10 account of the substantially shorter coating time, in 
With such a cathode sputtering unit the charging which the sputtering rate is greater by a factor of 10 to 
station may coincide with an etching station so that the 30. However, for numerous processes in which a high 
unit overall consists of only two stations. layer uniformity is an important feature such magnetron 
A ■ cathode sputtering unit with three stations is cathodes cannot be used, or. can be used only under 
known from German published patent application 15 complicated operating conditions, on account of the 
DE-OS No. 29 32 483, in which a corresponding num- spatially and locally restricted sputtering procedure, so 
ber of substrate holders is arranged on a circular disc tnat m these cases too the so-called diode sputtering is 
that can rotate about a concentric axis in the manner of used as before. A diode process is also involved in so- 
a carousel. In this unit, however, no coolant circulation called plasma etching, in which the substrate holder 
is provided for the individual substrate holders, with the 20 together with the substrates is insulated with respect to 
result that it is practically impossible to maintain a spe- the vac "um chamber and is connected to a high fre- 
cific temperature level during the individual treatment <3 uenc y generator. In this case the sputtering direction is 
procedures. Furthermore, with such types of units it is reversed and the material to be stripped form the sub- 
practically impossible to avoid cross-contamination spates by the etching process migrates in the direction 
between the individual stations since it is not possible 25 of a col5ection P late in the etching station. This proce- 
for structural reasons to install air-lock valves between dure t0 ° is associat ed with a high thermal stress of the 
the individual stations, In particular, it is also not possi- substrate since the plasma discharge acts in this case 
ble, for example, to open the charging station and at the dlrec t ] y on the. substrate surface. In principle it is also 
same time operate the adjacent coating station. possible to perform etching under the action of a mag- 
Cathode sputtering units composed of so-called mod- 30 netlc fleld ' tho ^ h in P rac tice the so-called diode pro- 
ule units also belong to the state of the art. In this case cesses predominate for reasons of uniformity, 
several stations are separated each by its own vacuum • IL7 ° - J n Ct ? ,nventl0n ,s > therefore, to improve 
chamber, and a series- arrangement of such vacuum su £ s a ntially a cathode sputtering apparatus so that the 
chambers is sealed off with respect to the atmosphere „ "J**** °f be instantly cooled under reproducible 
by air-lock valves between the chambers as well as at 35 Jj£ g P g the mdlvlduaI 
both ends of the unit. A semi-continuous mode of opera- Th^' n ui^ti., a i„ w a • ■ , , 
tion is possible with such an arrangement, and also • I ° b f ctlve ls achieved in accordance with" the 
cross-contamination is prevented by th Sock valves mVent, °" ^ V,ftUe ° f f * e faCt that the Substrate holder 
The substrates are passed linearly^hrough all the stai 40 l^^Z^r^t^^^^V° 
tions by means of plate-shaped substrate carriers 40 '5^ <\ P f S " S h 5° Ug - h ^ vacuum chamber, 
mounted on rollers. However, I is difficult to co d t" SSSSSJK * P * 

S Tt h 1 n0t r Sible ; f °T ample 1^^52££SUg to the invention, 
Z^ZJl S,h VdVe V° mamta,I \ the mov - the conventional linear movement of the substrate cS 
able substrate holders permanent y connected up to a 45 rier m cathode sputtering units is replaced by a piwtW 

to ™? IOn i " h ft." 11 T? Tu*t theref ° r l e ' movement on a circular path around the pivot Ej 
had to resort to placing the substrate holders m the and the pivot bearin Cfm be used tQ comiect . the ™ S 

lZd U nft T ° n f tIOnary C °°i ing P ' at f • SU ° h a strate h0 " er Pennanfntly to the coo^t source L this 

S2£^H^' '"adequate for certam case it is possible to keep the substrate holder perma- 

S™h iK. P ' ' m Part,CUlar ,S VlrtUa " y 50 nently cooled not only in all the stations but also during 

unreproauci e. . . ,. . its path from one station to another station and thereby 

h™tS t e tft T< I^f atC ? 0 u ,,I l S • 11 may maintain the intimate thermal contact between the sub- 

be ment.oned that substrates that have to be kept very strat es and the substrate holder and coolant circulation, 

strictly -at a specific temperature are bonded by means for example by means of a heat-conducting composi- 

of a heat-conducting composition to the substrate 55 tion 

holder so as to ensure a good heat transfer between According to a further embodiment of the invention, 

these components. However, a very weak 'link' in the it is particularly advantageous if the substrate holder is 

heat conduction chain is formed as a result of placing a mounted in an insulated manner with respect to the 

movable substrate holder on stationary cooling plates vacuum chamber and is connected to a high frequency 

provided with a coolant circulation, i.e. the heat trans- 60 generator. 

fer conditions between the substrate holder and the In such a case the charging station can be used in a 

coo ing are not reproducible, and the result is a rela- particularly simple way as an etching station. By apply- 

tively high temperature gradient. The interruption in ing a high frequency to the substrate holder and by 

the heat conduction due to a more or less narrow air virtue of the surface ratio of the substrate holder to the 

gap is particularly critical if two treatment procedures 65 opposite wall surfaces of the charging station, the latter 

that both involve a thermal loading or stress of the effectively become the anode and the substrates can be 

substrate directly follow one another in adjacent sta- etched by the resultant plasma process. In particular, 

tlons - the charging cover can assume the function of the 
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anode and serve as a suspension means for the etched FIG. 1 represents a cathode sputtering unit 1 with 
material. To this end, the charging cover is preferably two adjacent stations 2 and 3, of which the station 2 
provided with a replaceable plate. preferably is simultaneously a charging station and 
It is. also particularly advantageous if the vacuum etching station, while station 3 is a coating station, 
chamber is in the form of a parallelepiped and has two 5 These stations preferably constitute part of a parallel- 
circular recesses in its upper chamber wall, one of epiped vacuum station 4 whose upper chamber wall 5 
which can be closed by the sputtering cathode and the preferably has two circular recesses 6 and 7. One of 
other of which can be closed by the already described them can be closed by a charging cover 8, which prefer- 
charging cover, and if the axis of the pivot bearing lies ably can be swung sideways by means of a lifting drive 
in a vertical plane of symmetry running between the '0 9 and a rotary drive 10 via a lever arm 11. 
* recesses. The other circular recess 7 can be closed by a sputter- 
Such a measure enables the substrate holder in the in g cathode 12 preferably arranged together with its 
charging station to be lightly coated from above by impedance matching supply 13 on a sealing flange 14 
swinging the charging cover sideways. Parts of the unit that can P ivot about 3,1 eccentric shaft 15. 
are also readily accessible in the coating station after 15 Wlth regatd to the recesses 6 and 7 one can imagine 
dismantling the sputtering cathode. a vertical plane of symmetry between these recesses 
By means of the invention the substrates can also be tnat preferably runs roughly through the cross arm 16 
kept permanently cooled in a particularly simple man- servm S *? ^ in f orce the u PP er chamber wall 5. The 

ner by separating the individual stations by means of a vert ' cal shaft of a P'/f b , eann S 17 P assm S in ™ '™u- 

va j ve . " 20 lated manner through the lower chamber wall 18 of the 

According to a further embodiment of the invention, vacuum chamb 5 * P^embly is arranged in this plane 

this is achieved if a partition with a valve seat and a first °f f^etry The lower end of the pivot beanng is not 

valve closure is arranged between the two stations, and viable here* but is situated in a housing 19 accommodat- 

if the extension arm has a second valve closure that can „ m \ a fu f*er impedance matching supply 

be brought into position on the valve seat by swinging 25 , £ T ^f extension arm 20 connected to a substrate 

the substrate carrier into the coating station }£ lder . 21 , « seaired to the pivot beanng 17. 

T ... . . . . j .... „ u The substrate holder 21 is located in the illustrated case 

In this case the substrate carrier additionally has the . „ , . _ - . .. . . „ 

„ , ,. . . . - J ., . ., coaxially underneath the recess 6, the individually ap- 

function of a valve, it being assumed of course that the „iw»„(.(™^iii..! .jju. u . •. o 

„ t , , .' f. . . . plied substrates 22 being visible. If the charging cover 8 

first valve closure is moved into a position that does not ln -1 „„, „„,„„„ ■ „ „„„ ° , . ji.».JL „ iU 

, . , , , , Kr,, , . . . 30 is now swung in a counter-clockwise direction over the 

hinder the second valve closure. The coolant c.rcula- r£cess 6 and ^ lowere(J tQ duce & vacuum . ti h{ 

tion can thus be maintained in an uninterrupted manner, connection) an etchin p rocess can be performed in the 

and cross-contamma tion between the mdividual treat- station 2> for which the high frequency generator con . 

.ment stations is absolutely avoided. • nected tQ the ivot bearin „ provides the necessary 

In accordance with the invention, cathode sputtering 35 ener gy 

apparatus comprises a vacuum chamber and at least two Afte ; this etching process the substrate holder n can 

adjacently arranged stations including a charging sta- be swung so far in a dockwise d i rec tion by means of the 

tion and a coating station. The apparatus also includes at pivot bearing 17 that it comes to rest coaxially under . 

least one sputtenng cathode means, a substrate holder neath the recess 7i with the sputtenng cat hode 12 

.able to execute reciprocal movement between the sta- 40 SW ung inwardly it is possible to perform a coating oper- 

tions, and a pivot bearing passing through the vacuum ation on the su b st rate 22 in this position. 

' chamber. The apparatus also includes an extension arm In the present case a circular disc 23 can also be seen 

on the pivot bearing. The substrate holder is secured by - m the recess 7[ whioh serves as a p re .sputtering plate, 

means of the extension arm eccentrically on the pivot Impurities from the surface of the sputtering cathode 12 

beanng. The apparatus also includes coolant circulation 45 can be dep0 sited on this circular disc at the beginning of 

means led through the pivot bearing to the substrate the coating procedure. In order to free the path for the 

holder. • substrate holder 21, the circular disc 23 preferably is 

For a better understanding of the invention, together secured to a lifting drive 24 with which the circular disc 

with other and further objects thereof, reference is C an be lowered so that the substrate holder 21 can be 

made to the following description, taken in connection 50 moved into position exactly above the circular disc, 

with the accompanying drawings, and its scope will be i n FIG. 2 the same parts as in FIG. 1 are provided 

pointed out in the appended claims. with the same reference numerals. It should be remem- 

Referring now to the drawings: bered in connection with FIG. 1 that the substrate 

FIG. 1 is a perspective view of cathode sputtering holder 21 is formed as an essentially cylindrical hollow 

apparatus with two stations, showing both the charging 55 body in which a supporting plate 26 provided with 

cover and the sputtering cathode swung outwardly; cooling channels 25 is mounted on its upper side. This 

FIG. 2 is a partial section through the apparatus of supporting plate has a number of circular disc-shaped 
FIG. 1, though with the charging cover and sputtering recesses which are provided for positioning the sub- 
cathode swung into position during the coating proce- strates 22 in a position according to FIG. 1. A coolant 
dure, in which the substrate holder is situated beneath 60 circulation means 27, which is here symbolized only by 
the sputtering cathode; a double branched line but which of course preferably 

FIG. 3 is a perspective view of another embodiment comprises two lines for inflow and recycle, leads from 

of the invention, in which the two stations can be mutu- the cooling channels 25 either to a heat exchanger or to 

ally sealed off by a partition with a valve; and an outflow. The term "coolant circulation" is under- 

FIGS. 4 and 5 are plan views, partly in section and 65 stood to mean any passage of a liquid coolant through 

partly diagrammatic, of the FIG. 3 embodiment show- the substrate carrier 21. 

ing two possible views of substrate holder and valve It can be seen that the coolant circulation means 27 is 

closure. passed through the pivot bearing 17. It can also be seen 



4,595,483 

5 6 

that the circular disc 23 is illustrated in a lowered posi- cations as fall within the true spirit and scope of the 

tion relative to FIG. 1 so that there is sufficient space invention. 

between it and the recess 7 to swing the substrate holder What is claimed is: 

21 in. The underneath of the sputtering cathode 12 1. Cathode sputtering apparatus comprising: 

comprises a target plate of the coating material to be 5 a vacuum chamber; 

sputtered, and in addition the surface of this target plate at least two adjacently arranged stations including a 
preferably is aligned parallel to the supporting plate 26. charging station and a coating station; 
The sputtering cathode 12 preferably is also connected at least one sputtering cathode means; 
to a coolant circulation means 28, of which only one a substrate holder able to execute reciprocal move- 
branch is shown. 10 ment between said stations; 

A suction pipe 29 for evacuating the system as well as a P ivot bearing passing through said vacuum cham- 

a supporting frame 30 are also represented in FIGS. 1 ber; 

and 2. an extension arm on said pivot bearing; 

FIG. 3 shows a cathode sputtering unit 31 modified sa ' d substrate holder being secured by means of said 

with respect to FIGS. 1 and 2, and also with two sta- 15 extension arm eccentrically on said pivot bearing; 

tions 2 and 3 performing the same function as in FIG. 1. and 

The charging cover 8 and the sputtering cathode 12 are coolant circulation means led through said pivot 

represented only diagrammatically. In the present case bearing to said substrate holder, 

a differently shaped extension arm 32 bent into an angle 2 : Cathode sputtering apparatus according to claim 1, 

and situated in a horizontal plane (FIGS. 4 and 5) pref- 20 which '"dudes a supporting plate provided with cool- 

erably is provided for connecting the substrate holder ing channels and in which said substrate holder is 

21 to the pivot bearing 17 and for passage of the coolant f °™ed as an essentially cylindrical hollow body having 

circulation. A partition 33 with a first valve closure 34 an up P er side in which said supporting plate provided 

preferably formed by a rectangular plate is situated with cooling channels is mounted, 

between the two stations 2 and 3. This valve closure 25 Cathode sputtering apparatus according to claim 1, 

cooperates with a valve seat 35 whose contour roughly W J™ lncludes a hi S h frequency generator and in 

corresponds to the contour of the valve closure 34. A whlch said substrate hold er is mounted insulated with 

second valve closure 36 congruent to the first valve f^ff t0 sald vacuum ch ^bev and is coupled to said 

closure 34 preferably is secured in such a spatial posi- „ bl f^f Cy Sferator. 

tion on the bent extension arm 32 that it comes to rest in 30 7: »»ode aputtanqg apparatus according to claim 1, 

a vacuum-tight manner on the valve seat 35 when the Wl " ch m °^ de t & . char S ,n S c ° ver ; and m which said 

substrate holder 21 is swung from the station 2 (FIG. 4) vacuum C *T " P^lep.ped-shaped and has an 

into the station 3 (FIG. 5). Any cross-contamination ^1^7^171^ fvf " T °T T 

between the stations 2 and 3 is thereby excluded. „ ^ ° v ? 

It can be seen that the bent extension arm 32 passes 35 T v CaD ' be ^ by 

n,,™,~v, j ii i I charging cover, and in which said recesses have a verti- 

S Val 7 C,0SUre / t 6 , Consequently the cal lai f e of t therebetween, the axis of said 

v£ ^ n * \ t° P ass , ed t throu g h , the second Pivot bearing lying in said vertical plane of symmetry 
valve closure so that the coolant circulation can be runni between s fa aid recesses _ y - y 

maintained in both station 2 and station 3 as well as 40 5. Cathode sputtering apparatus according to claim 4, 

during transportation between the two stations. The which inc i udes ^ a circular disc which can bf raised and 

transportation movement is symbolized by the two lowered as a pre-sputtering plate underneath said one of 

circular arcs in FIGS. 4 and 5. said recesses wh & can closed „ said s . 

Heat-conducting substances include, for example, cathode means, 

low melting point metals (gallium, m.p. =28.6' C.) or 45 6. Cathode sputtering apparatus according to claim 1, 

alloys (indium/gallium, m.p. = 15.9° C), as well as or- which includes a partition with a valve seat and a first 

game pastes to which good heat-conducting metal pow- valve closure, arranged between said two stations and in 

ders (silver or aluminum) have been added. which said extension arm has a second valve closure 

While there have been described what are at present that can be brought to rest on said valve seat by swing- 
considered to be the preferred embodiments of this 50 ing said substrate holder into said coating station, 
invention, it will be obvious to those skilled in the art 7. Cathode sputtering apparatus according to claim 6, 
that various changes and modifications may be made in which said extension arm is formed with an angle in 
therein without departing from the invention, and it is, a horizontal plane, 
therefore, aimed to cover all such changes and modifi- ***** 
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ABSTRACT 



A CVD apparatus is provided, which is capable of cleaning 
the inside of a reaction chamber without affecting a catalyzer 
member after a CVD process is completed. This apparatus is 
comprised of a reaction chamber; a substrate stage located in 
the chamber, a substrate being placed on the stage; a 
catalyzer holder located in the chamber for holding a cata- 
lyzer member; the holder having an inner space in which the 
catalyzer member is fixed; the holder having an opening that 
communicates with the inner space and that faces toward the 
substrate placed on the stage; a shutter located in the 
chamber for closing the opening of the holder; a cleaning 
device for cleaning an inside of the chamber after a CVD 
process is completed; and a gas supply line for supplying a 
source gas into the inner space of the holder. When a film is 
formed on the substrate, the source gas is supplied into the 
inner space of the holder to generate an active species due 
to a catalysis of the catalyzer member, and the active species 
is supplied to the substrate placed on the stage through the 
opening of the holder. When the inside of the chamber is 
cleaned by the cleaning device, the substrate is taken out of 
the chamber and the opening of the holder is closed by the 
shutter, separating the catalyzer member located in the 
holder from an outside atmosphere of the holder. 

8 Claims, 8 Drawing Sheets 
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CYD APPARATUS 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to Chemical Vapor Deposi- 
tion (CVD) for forming a desired film on a substrate using 
a catalyzer More particularly, the invention relates to a CVD 
apparatus that uses a catalyzer member for applying a 
catalysis to a CVD reaction or reactions and that is equipped 
with a cleaning device for cleaning the inside of the reaction 
chamber after a CVD process or processes is/are completed, 
and a film formation method using the CVD apparatus. 

2. Description of the Prior Art 

In the fabrication process sequence of semiconductor 
devices, for example, Large-Scale Integrated circuits (LSIs) 
designed for memories, microprocessors, and so on, various 
thin films need to be formed on a substrate These thin films 
include dielectric films, such as a silicon nitride (SiNJ film 
which is used for an oxidation-resistant masking film in the 
isolation-dielectric formation process of Metal-Oxide- 
Semiconductor (MOS) LSIs, and a silicon dioxide (Si0 2 ) 
film which is used for a passivation film. Furthermore, they 
include conductive films, such as a polysilicon film which is 
used for forming gate electrodes and gate wiring lines in 
MOS LSIs, and a tungsten (W) film which is used for 
forming contact plugs of multilevel wiring structures 

To form the above-described thin films, various CVD 
processes have been developed and extensively used in the 
semiconductor device fabrication field In these CVD 
processes, suitable catalyzers may be used to lower the 
necessary temperature of the substrate and to improve the 
quality of the films formed on the substrate. Here, these 
processes are termed "catalytic CVD processes". 

In a typical catalytic CVD process, a suitable catalyzer 
member (which is made of, for example, a refractory metal) 
is placed in a reaction chamber along with a substrate. The 
substrate and the catalyzer member are heated to specific 
temperatures, respectively. Then, suitable gaseous source 
materials are then supplied to the chamber, thereby forming 
a desired film on the surface of the substrate through a 
specific CVD reaction or reactions under the catalysis of the 
catalyzer member. There is a benefit that the thin film thus 
formed has a satisfactorily good quality even when the 
temperature of the substrate is comparatively low. 

FIG. 1 schematically shows the configuration of a prior- 
art catalytic CVD apparatus used for performing a catalytic 
CVD process. 

In FIG. 1, the CVD apparatus is comprised of a reaction 50 
chamber 151 made of quartz and a coil-shaped catalyzer 
member 152 placed in the chamber 151. The catalyzer 
member 152 is formed by a piece of wire made of a 
refractory metal such as tungsten (W). The catalyzer mem- 
ber 152 is electrically connected to a power supply 153 55 
placed outside the chamber 151 for heating the member 152 
to a specific temperature on operation. A substrate stage 155 
on which a single-crystal silicon (Si) substrate 154 is placed 
is fixed in the chamber 151. The stage 155 is positioned right 
below the catalyzer member 152. 60 

A shutter 156, which is horizontally movable along the 
horizontal arrow in FIG. 1, is provided in the chamber 151 
between the catalyzer member 152 and the substrate stage 
155. The shutter 156 can be positioned at a closing position 
and an opening position. At the closing position, the shutter 65 
156 is located just over the substrate 154 placed on the stage 
155 and entirely covers the surface of the substrate 154. At 
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the opening position, the shutter 156 is located apart from 
the substrate 154 and entirely exposes the surface of the 
substrate 154, allowing active species 159 generated in the 
vicinity of the catalyzer member 152 to reach the substrate 
154. 

A gas inlet 157 is provided at an upper position of the side 
wall of the reaction chamber 151. Source or reactant gas or 
gases SG is/are supplied into the reaction chamber 151 
through the gas inlet 157. A gas outlet 158 is provided at the 
bottom wall of the chamber 151. Gaseous substances exist- 
ing in the chamber 151 are exhausted to the outside of the 
chamber 151 through the gas outlet 158. 

The above-described prior-art CVD apparatus is used in 
the following way, in which a thin SiN v film used as a 
dielectric in the semiconductor device is formed on the 
substrate 154. 

First, the Si substrate or wafer 154 is sent to the inside of 
the reaction chamber 151 and is placed on the substrate stage 
155. The substrate 154 is then healed up to a specific 
temperature ranging from 300 to 400° C. and kept at the 
same temperature by using a heater (not shown) incorpo- 
rated into the stage 155. 

Next, while the shutter 156 is located at the closing 
position just over the substrate 154, the catalyzer member 
152 is heated up to a specific high temperature ranging from 
1700 to 1800° C. and kept at the same temperature by using 
the power supply 153. Thereafter, as the source or reactant 
gases SG, gaseous monosilane (SiH 4 ) and ammonia (NH 3 ) 
are introduced into the chamber 151 through the gas inlet 
157 at their specific flow rates. The introduced SiH 4 and 
NH 3 are decomposed due to the catalysis of the heated 
catalyzer member 152, generating the active species 159 in 
the vicinity of the member 152. Because of the shutter 156 
at the closing position, the active species 159 thus generated 
do not reach the substrate 154 at this stage. 

After the flow rates of the gaseous SiH 4 and NH 3 and the 
temperature of the catalyzer member 152 become steady, the 
shutter 156 is horizontally moved to the opening position to 
thereby expose entirely the surface of the substrate 154 to 
the active species 159, as shown in FIG. 1. Thus, the active 
species 159 generated from the SiII 4 and NH 3 gases SG 
begin to be supplied to the surface of the substrate 154, as 
shown by the vertical arrows in FIG. 1. The active species 
159 react with the Si atoms of the substrate 154 and deposit 
SiNj. on the surface of the substrate 154. After a specific 
deposition period passes, the shutter 156 is moved to the 
closing position again, completing the deposition process. 
Thus, a desired SiN A . film (not shown) with a desired 
thickness is formed on the surface of the Si substrate 154. 

In the prior-art catalytic CVD apparatus shown in FIG. 1, 
thereafter, the substrate 154 with the deposited SiN x film is 
taken out of the reaction chamber 151 and then, a cleaning 
process is conducted to clean the inside of the chamber 151, 
i.e., to removed the unwanted SiN^. films deposited on the 
inner walls of the chamber 151 or the like. This cleaning 
process is carried out by an unillustrated cleaning device or 
subsystem. A next CVD process is then conducted in the 
same reaction chamber 151 in the same way as above. 

In popular CVD apparatuses, a cleaning subsystem is 
equipped for the purpose of cleaning the inside of a reaction 
chamber. Typically, gaseous carbon tetrafluoride (CF 4 ) is 
used as a cleaning gas. After a CVD process is completed, 
the cleaning gas is introduced into the reaction chamber and 
then, CF 4 plasma is generated from the gaseous CF 4 using 
a popular plasma generator. The CF 4 plasma thus generated 
removes the unwanted SiNj films existing in the inside of the 
reaction chamber by etching. 
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As seen from the above explanation, the prior-art catalytic 
CVD apparatus shown in FIG. 1 has a problem that the 
catalyzer member 152 itself is etched by the CF 4 plasma 
during the cleaning process, resulting in breaking or degra- 
dation of the coil-shaped catalyzer member 152. In other 5 
words, in the prior-art catalytic CVD apparatus of in FIG. 1, 
there is a problem that the inside of the reaction chamber 151 
is difficult to be cleaned. 

Moreover, the prior-art catalytic CVD apparatus of FIG. 
1 has another problem that the temperature of the substrate io 
154 tends to be raised due to the heat radiated from the 
heated catalyzer member 152 during the deposition process. 
This is because the catalyzer member 152 is typically placed 
at a short distance (e.g., 4 cm to 5 cm) from the substrate 
154. As known well, the thickness of the deposited SiN^. film 15 
is determined mainly by the temperature of the substrate 154 
and therefore, the temperature rising of the substrate 154 
during the CVD process will cause unwanted thickness 
fluctuation of the SiN x film on the same substrate 154. 

FIGS, 2 and 3 show another prior-art catalytic CVD 20 
apparatus disclosed in the Japanese Patent No. 2,692,326 
published in December 1997 (which corresponds to the 
Japanese Non-Examined Patent Publication No. 3-239320 
published in October 1990). This prior-art apparatus is 
capable of suppressing the effect of radiated heat from a 25 
catalyzer member during a deposition or CVD process, 
solving the latter problem relating the temperature rise of a 
substrate. 

As shown in FIG. 2, a coil -shaped catalyzer member 261 
is placed in a reaction chamber 251. The catalyzer member 
261 is electrically connected to a power supply (not shown) 
provided outside the chamber 251 for heating the catalyzer 
member 261 to a specific temperature on operation. A 
substrate stage 262 on which substrates 254 are placed is 
fixed in the chamber 251 The stage 262 is positioned right 
below the catalyzer member 261. A radiation-shielding 
member 263 is provided in the chamber 251 between the 
catalyzer member 261 and the stage 262. 

A gas-supplying tube 257 is provided to penetrate the top 4Q 
wall of the reaction chamber 251. A source gas or gases SG 
is/are supplied through the tube 257 to the inside of the 
chamber 251. The end part of the tube 257, which is placed 
in the chamber 251, has small nozzle-shaped holes. The 
source gas or gases SG is/are vertically emitted through the 4J 
nozzle-shaped holes into the chamber 151, as shown by the 
vertical allows in FIG. 2. The catalyzer member 261 is 
located near and below the holes of the tube 257. 

A gas outlet 258 is provided at the side wall of the reaction 
chamber 251. Gaseous substances existing in the chamber 50 
251 are exhausted to the outside of the chamber 251 through 
the gas outlet 258. 

A heater 271 and a cooling tube 272 are provided in the 
substrate stage 262. The heater 271 is used to heat the 
substrates 254 placed on the stage 262 by supplying electric 55 
power. The cooling tube 272 is used to cool the substrates 
254 placed on the stage 262 by flowing a cooling water 
through the tube 272. A window 273, through which the 
inside of the chamber 251 can be seen, is provided at the side 
wall of the chamber 251. 60 

As shown in FIG. 3, the radiation -shielding member 263 
is comprised of a cylindrical member 267, three upper plate 
members 265a, 2656, and 265c arranged at specific intervals 
to form slits in a horizontal plane, and lower plate members 
266a, 2666, and 266c arranged at specific intervals to form 65 
slits in another horizontal plane. These members 265a, 2656, 
265c, 266a, 2666, and 266c are formed by elongated 



stainless-steel plates. The upper plate members 265a, 2656, 
and 265c are located over the lower plate members 266a, 
2666, and 266c at a specific gap. The upper plate members 
265a, 2656, and 265c are shifted in a horizontal direction so 
as to partially overlapped with the lower plate members 
266a, 2666, and 266c. 

Due to existence of the radiation-shielding member 263, 
the heat radiated from the catalyzer member 261 is pre- 
vented from reaching directly the substrates 254 while 
allowing the source gas or gases SG or active species to 
reach the substrates 254 through the slits of the member 263. 

With the above-described prior-art CVD apparatus shown 
in FIGS. 2 and 3, the above-described latter problem about 
the temperature rise of the substrates 254 can be solved by 
the radiation-shielding member 263. However, the above- 
described former problem about the cleaning process is left 
unsolved. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention to provide 
a catalytic CVD apparatus capable of cleaning the inside of 
a reaction chamber without affecting a catalyzer member 
after a CVD process is completed. 

Another object of the present invention to provide a 
catalytic CVD apparatus that suppresses the effect of radi- 
ated heat ftpm a heated catalyzer member to a substrate. 

Still another object of the present invention to provide a 
film formation method capable of cleaning the inside of a 
reaction chamber of a catalytic CVD apparatus without 
affecting a catalyzer member provided in the reaction cham- 
ber after a CVD process is completed. 

A further object of the present invention to provide a film 
formation method that suppresses the effect of radiated heat 
from a heated catalyzer member to a substrate. 

The above objects together with others not specifically 
mentioned will become clear to those skilled in the art from 
the following description. 

According to a first aspect of the present invention, a 
catalytic CVD apparatus is provided, which is comprised of 

a reaction chamber; 

a substrate stage located in the chamber, a substrate being 

placed on the stage; 
a catalyzer holder located in the chamber for holding a 

catalyzer member; 
the holder having an inner space in which the catalyzer 

member is fixed; 
the holder having an opening that communicates with the 

inner space and that faces toward the substrate placed 

on the stage; 

a shutter located in the chamber for closing the opening of 
the holder; 

a cleaning device for cleaning an inside of the chamber 
after a CVD process is completed; and 

a gas supply line for supplying a source gas into the inner 
space of the holder. 

When a film is formed on the substrate, the source gas is 
supplied into the inner space of the catalyzer holder to 
generate an active species due to a catalysis of the catalyzer 
member, and the active species is supplied to the substrate 
placed on the stage through the opening of the catalyzer 
holder. 

When the inside of the chamber is cleaned by the cleaning 
device, the substrate is taken out of the chamber and the 
opening of the holder is closed by the shutter, separating the 



US 6,325,857 Bl 



catalyzer member located in the holder from an outside 
atmosphere of the holder. 

With the catalytic CVD apparatus according to the first 
aspect of the present invention, the catalyzer holder is 
located in the reaction chamber to hold the catalyzer 
member, and the catalyzer member is fixed in the inner space 
of the holder. A source gas is supplied into the inner space 
of the holder through the gas supply line to be contacted with 
the catalyzer member, generating an active species The 
active species thus generated is supplied to the surface of the 
substrate placed on the stage through the opening of the 
holder, thereby forming a desired film on the substrate. 
Accordingly, the CVD process can be performed in a similar 
way to that of a CVD apparatuses without the catalyzer 
holder. 

On the other hand, when the inside of the reaction 
chamber is cleaned by the cleaning device, the substrate is 
taken out of the chamber and the opening of the catalyzer 
holder is closed by the shutter, separating the catalyzer 
member located in the holder from the outside atmosphere 
of the holder. As a result, the inside of the reaction chamber 
can be cleaned without affecting the catalyzer member after 
a CVD process is completed. 

In a preferred embodiment of the CVD apparatus accord- 
ing to the first aspect of the present invention, an additional 
catalyzer holder is located in the chamber for holding an 
additional catalyzer member. The additional holder has an 
inner space in which the additional catalyzer member is 
fixed. The additional holder has an opening that communi- 
cates with the inner space and that faces toward the substrate 
placed on the stage. An additional shutter is located in the 
chamber for closing the opening of the additional holder. 

In this embodiment, there is an additional advantage as 
follows: When the source gas is made of the mixture of 
different gases, the ratio of the different gases can be 
accurately controlled so that the film deposited on the 
substrate is stoichiometric. Moreover, the different gases can 
be used effectively, in other words, the utilization rate of the 
gases is improved. 

In another preferred embodiment of the apparatus accord- 
ing to the first aspect of the present invention, a grid member 
having penetrating holes for allowing the active species to 
reach the substrate placed on the stage is further provided. 
In this embodiment, there is an additional advantage that the 



In still another preferred embodiment of the apparatus 
according to the first aspect of the present invention, the 
holder includes a path for allowing a cooling medium to flow 
through the wall of the holder. In this embodiment, there is 

5 an additional advantage that the quality of the deposited film 
on the substrate is more controllable, because the tempera- 
ture of the catalyzer member can be controlled, making the 
effect of the radiated heat from the heated catalyzer member 
more controllable. 

10 In a further preferred embodiment of the apparatus 
according to the first aspect of the present invention, the gas 
supply line is communicated with an upper part of the 
catalyzer holder, and the source gas supplied into the inner 
space of the holder flows downward to be contacted with the 

is catalyzer member. In this embodiment, there is an additional 
advantage that the supplied source gas is surely contacted 
with the catalyzer member in the catalyzer holder. 

According to a second aspect of the present invention, a 
film formation method is provided, which is comprised of 

20 the following steps (a) to (e): 

(a) A substrate is placed on a substrate stage located in a 
reaction chamber of a catalytic CVD apparatus. The cham- 
ber includes a catalyzer holder for holding a catalyzer 
member. The holder has an inner space in which the cata- 

25 lyzer member is fixed. The holder has an opening that 
communicates with the inner space and that faces toward the 
substrate placed on the stage. The opening of the holder is 
closed or opened by a shutter located in the chamber. 

(b) A source gas is supplied to the inner space of the 
30 catalyzer holder through a gas supply line to be contacted 

with the heated catalyzer member, generating an active 
species in the holder. 

(c) A desired film is formed on the substrate due to a 
reaction between the active species and a substance of the 

35 substrate. 

(d) The opening of the holder is closed by the shutter after 
the desired film is completely formed on the substrate. 

(e) A cleaning device is activated to clean an inside of the 
chamber while the catalyzer member is separated from an 

40 outside atmosphere of the holder by closing the opening of 
the holder by the shutter. 

With the film formation method according to the second 
aspect of the present invention, after a desired film is formed 
on the substrate in the step (c), the opening of the holder is 



effect of radiated heat from the heated catalyzer member to 45 closed by the shutter in the step (d). Then, the cleaning 



the substrate is suppressed by the grid member. 

The grid member may be located inside or outside the 
holder as necessary. 

If the grid member is located inside the holder, the grid 
member is separated from the outside atmosphere of the 50 
holder when the shutter closes the opening of the holder. In 
this case, there is an additional advantage that the grid 
member is not affected by a cleaning agent produced from 
the cleaning gas during the cleaning process. 

If the grid member is located outside the holder, the grid 55 
member is not separated from the outside atmosphere of the 
holder even when the shutter closes the opening of the 
holder. In other words, the grid member is affected by a 
cleaning agent during the cleaning process. Therefore, there 
is an additional advantage that the deposition rate of the film 60 
on the substrate can be prevented from lowering, because the 
grid member is cleaned by the cleaning agent during the 
cleaning process. 

It is preferred that the grid member is designed for being 
applied with a negative bias voltage. In this embodiment, 65 
there is an additional advantage that the amount or thickness 
of the deposited film on the grid member is decreased. 



device is activated to clean the inside of the reaction 
chamber while the catalyzer member is separated from the 
outside atmosphere of the catalyzer holder by closing the 
opening of the holder by the shutter in the step (e). 

As a result, the inside of the reaction chamber of the 
catalytic CVD apparatus can be cleaned without affecting 
the catalyzer member provided in the reaction chamber after 
a CVD process is completed. 

In a preferred embodiment of the method according to the 
second aspect of the present invention, the reaction chamber 
further includes a grid member having penetrating holes for 
allowing the active species to reach the substrate placed on 
the stage. In this embodiment, there is an additional advan- 
tage that the effect of radiated heat from the heated catalyzer 
member to the substrate is suppressed by the grid member. 

The grid member may be located inside or outside the 
catalyzer holder as necessary. 

In another preferred embodiment of the method according 
to the second aspect of the present invention, the gas supply 
line is communicated with an upper part of the catalyzer 
holder, and the source gas supplied into the inner space of 
the holder flows downward to be contacted with the cata- 
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lyzer member. In this embodiment, there is an additional 
advantage that the supplied source gas is surely contacted 
with the catalyzer member in the catalyzer holder. 

In still another preferred embodiment of the method 
according to the second aspect of the present invention, the 5 
opening of the holder is closed by the shutter until a flow of 
the supplied source gas and a temperature of the heated 
catalyzer member become approximately steady in the step 
(b). In this embodiment, there is an additional advantage that 
the quality and the thickness of the deposited film on the 10 
substrate are controlled more accurately. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention may be readily carried 
into effect, it will now be described with reference to the 15 
accompanying drawings. 

FIG. 1 is a schematic cross-sectional view of a main part 
of a prior-art CVD apparatus. 

FIG. 2 is a schematic cross-sectional view of a main part 2 o 
of another prior-art CVD apparatus. 

FIG. 3 is a schematic, enlarged cross-sectional view of the 
radiation-screening device or member of the prior-art CVD 
apparatus shown in FIG. 2. 

FIG. 4 is a schematic cross-sectional view of a main part 25 
of a CVD apparatus according to a first embodiment of the 
present invention. 

FIGS. 5A and 5D are schematic cross-sectional views of 
the main part of the CVD apparatus according to the first 
embodiment of FIG. 4, respectively, in which a film is 
formed on a substrate in the reaction chamber and then, the 
inside of the chamber is cleaned. 

FIG. 6 is a schematic cross-sectional view of a main part 
of a CVD apparatus according to a second embodiment of 3S 
the present invention. 

FIG. 7 is a schematic cross-sectional view of a main part 
of a CVD apparatus according to a third embodiment of the 
present invention. 

FIG. 8 is a schematic, enlarged cross-sectional view of the 40 
grid member of the CVD apparatus according to the third, 
embodiment of FIG. 7. 

FIG. 9 is a schematic cross-sectional view of a main part 
of a CVD apparatus according to a fourth embodiment of the 
present invention. 

FIG. 10 is a schematic cross-sectional view of a main part 
of a CVD apparatus according to a fifth embodiment of the 
present invention. 

FIG. 11 is a schematic cross-sectional view of a main part 5Q 
of a CVD apparatus according to a sixth embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be 
described in detail below while referring to the drawings 
attached. 

FIRST EMBODIMENT 

uU 

As shown in FIG. 4, a catalytic CVD apparatus according 
to a first embodiment of the present invention is comprised 
of a reaction chamber 1, a cylindrical catalyzer holder 2 for 
holding a coil-shaped catalyzer member 6 in its inner space 
2a, a plate-shaped shutter 4 for closing or opening a bottom 65 
opening 3 of the holder 2, and a cleaning device 5 for 
cleaning the inside of the chamber 1. The catalyzer holder 2, 



the shutter 4, the cleaning device 5, and the catalyzer 
member 6 are located in the chamber 1. The cleaning device 

5 is located outside the holder 2. 

The reaction chamber 1 is made of a heat-resistant mate- 
rial such as quartz and has a popular configuration. The 
catalyzer holder 2 is made of a heat-resistant, electrical 
insulating material such as ceramic. The inner space 2a of 
the holder 2 has a cylindrical shape whose longitudinal axis 
is vertically arranged. The opening 3 of the holder 2 is 
formed at the bottom of the space 2a. The shutter 4 is made 
of a heat-resistant material. 

The coil-shaped catalyzer member 6 is formed by a piece 
of wire made of a refractory metal such as W. The member 

6 is fixed onto the inner wall of the catalyzer holder 2. The 
member 6 is electrically connected to a power supply 7 
placed outside the chamber 1 for heating the member 6 to a 
specific temperature on use. To take the degradation or 
deterioration of the member 6 due to long-term use into 
consideration, the holder 2 is designed to be removable from 
the chamber 1 along with the catalyzer member 6. A 
gas-supplying tube 12 is connected to another opening of the 
holder 2 and therefore, a desired source gas or gases SG 
is/are introduced into the inner space 2a of the holder 2. The 
source gas(es) SG thus introduced is/are further supplied to 
the inside of the chamber 1 through the opening 3 of the 
holder 2. 

A substrate stage 9 on which a single-crystal Si substrate 
8 is placed is fixed in the reaction chamber 1. The stage 9 is 
positioned right below the opening 3 of the catalyzer mem- 
ber 6. A heater (not shown) is incorporated into the stage 9 
to heat the substrate 8 located thereon. The shutter 4, which 
is horizontally movable along the horizontal arrow in FIG. 
4, is provided between the bottom end of the holder 2 and 
the stage 9. The shutter 4 can be positioned at a specific 
closing position and a specific opening position. At the 
closing position, the shutter 4 closes the opening 3 of the 
holder 2 and entirely covers the underlying substrate 8. At 
the opening position, the shutter 4 opens entirely the opening 
3, thereby exposing entirely the substrate 8. 

A gas lube 13 is provided to penetrate the side wall of the 
chamber 1. The end of the tube 13 is connected to the 
cleaning device 5. A cleaning gas CG is supplied to the 
cleaning device 5 through the tube 13. The cleaning device 
5 may be configured by, for example, a known Electron 
Cyclotron Resonance (ECR) plasma generator. 

A gas outlet 14, through which existing gaseous sub- 
stances in the chamber 1 are exhausted, is provided at the 
bottom wall of the chamber 1, 

The above-described catalytic CVD apparatus according 
to the first embodiment is used in the following way, in 
which a thin SiN, film to be used as a dielectric in the 
semiconductor device is formed on the Si substrate 8. 

First, as shown in FIG. 5A, the shutter 4 is moved to the 
closing position, closing the opening 3 of the catalyzer 
holder 2. Thus, the catalyzer member 6 fixed in the inner 
space 2a of the holder 2 is separated from the inside 
atmosphere la of the reaction chamber 1. 

Next, the Si substrate or wafer 8, to which suitable 
pretreatment has been applied, is sent to the inside of the 
chamber 1 and then, placed on the substrate stage 9. The 
substrate 9 is then heated up to a specific temperature 
ranging from 300 to 400° C. and kept at the same tempera- 
ture by using the heater (not shown) incorporated into the 
stage 9. 

Since the heat capacity of the stage 9 is greater than that 
of the substrate 8, it is popular that the stage 9 is heated up 
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to a specific temperature in advance. Therefore, after the 
introduction of the substrate 8 into the chamber 1, an 
intended CVD or film-formation process is preferably 
started at a time approximately one or two minutes have 
passed from the start of the heating step of the substrate 8. 
Then, the atmospheric air existing in the chamber 1 is 
exhausted by a vacuum pump system (not shown), thereby 
setting the pressure of the chamber 1 at approximately 10 Pa. 
At this stage, the shutter 4 is placed at its opening position. 

Subsequently, the catalyzer member 6 fixed in the holder 
2 is supplied with electric power from the power supply 7, 
thereby heating the member 6 up to a specific temperature 
ranging from 1700 to 1800° C. and keeping it at the same 
temperature due to the Joule heat. At this time, the tempera- 
ture of the member 6 reaches the specific temperature in a 
comparatively short period of time. However, to shorten the 
processing time, the member 6 is preferably preheated prior 
to the introduction of the source gases SG into the chamber 
1. 

After the opening 3 of the holder 2 is closed by the shutter 
4, gaseous SiH 4 is introduced into the inner space 2a of the 
catalyzer holder 2 through the tube 12 at a flow rate of 
approximately 1 standard cubic centimeter per minute 
(seem) and at the same time, gaseous NH 3 is introduced into 
the same space 2a through the same tube 12 at a flow rate 
of approximately 100 seem. The introduced source gases, 
i.e., SiH 4 and NH 3 , are decomposed due to the catalysis of 
the heated catalyzer member 6, generating active species 10 
in the space 2a of the holder 2. Since the opening 3 of the 
holder 2 is closed by the shutter 4 at this time, the active 
species 10 thus generated do not reach the substrate 8. As a 
result, no SiN^ film is deposited on the substrate 8. 

After the flow rates of the SiH 4 and NH 3 gases and the 
temperature of the catalyzer member 6 become steady, the 
shutter 4 is horizontally moved to the opening position, 
opening the opening 3 of the holder 2. Thus, the upper 
region of the substrate 8 is exposed entirely, as shown in 
FIG. 5B. Thus, the active species 10 generated from the SiH 4 
and NH 3 gases in the holder 2 are supplied to the surface of 
the substrate 8, as shown by the vertical arrows in FIG. 5B. 
The active species 10 then react with the Si of the substrate 
8 to deposit SiM,. on the surface of the substrate 8. After a 
specific deposition period passes, the shutter 4 is moved to 
the closing position, closing the opening 3 of the holder 2, 
as shown in FIG. 5C. Thus, a desired SiN, film (not shown) 
with a desired thickness is formed on the surface of the Si 
substrate 8. 

The thickness of the SiN^. film can be adjusted by the tire 
period from the opening to the closing of the shutter 4. 
Therefore, there arises an advantage that not only the 
thickness fluctuation of the SiN.,. films between the sub- 
strates 8 but also the thickness fluctuation of the same SiH,. 
film on each substrate 8 is decreased. 

Then, the introduction or supply of the SiH 4 and NH 3 
gases and the heating of the catalyzer member 6 are stopped. 
The unreacted SiH 4 and NH 3 gases existing in the chamber 
1 and other gaseous substances produced by the CVD 
reaction or reactions are exhausted through the gas outlet 
tube 14. Thereafter, the substrate 8 with the deposited SiN^. 
film is taken out of the reaction chamber 1. 

Subsequently, a cleaning process is conducted to clean the 
inside of the reaction chamber 1 by using the cleaning device 
5 while the opening 3 of the catalyzer holder 2 is closed by 
the shutter 4, as shown in FIG. 5D. Thus, the unwanted SiH x 
films deposited on the inner walls of the chamber 1, the 
shutter 4, and the substrate stage 9, or the like are removed. 
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The unwanted SiN A . films are etched away by CF 4 or CHF 3 
plasma generated by the ECR plasma generator in the 
cleaning device 5. The cleaning process is conducted in a 
specific time period. 

S Through the above-described CVD process of the SiN x 
film and the cleaning process of the chamber 1, one cycle of 
the SiN,. film formation is completed, A same CVD process 
and a same cleaning process are then repeated in the same 
chamber 1 in the same way as described above as necessary. 

10 With the catalytic CVD apparatus according to the first 
embodiment of the present invention, the catalyzer holder 2 
is provided in the reaction chamber 1 and the opening 3 of 
the holder 2 is closed or opened by the shutter 4. Also, the 
inside of the chamber 1 is cleaned by the cleaning device 5 

15 while closing the opening 3 of the holder 2. Therefore, there 
is an advantage that the inside of the chamber 1 can be 
cleaned without affecting the catalyzer member 6. 

SECOND EMBODIMENT 

20 FIG. 6 shows the configuration of a CVD apparatus 
according to a second embodiment of the present invention, 
which has the same configuration as that of the first embodi- 
ment of FIG. 4 except that first and second catalyzer holders 
20A and 20B are provided instead of the catalyzer holder 2. 

25 Therefore, the explanation about the same configuration is 
omitted here for the sake of simplification by attaching the 
same reference symbols as those used in FIG. 4 to the same 
or equivalent elements in FIG. 6. 

As shown in FIG. 6, the first cylindrical catalyzer holder 
20A is located in the chamber 1 at its left-hand side so that 
a bottom opening 21A of the first holder 20A is directed 
toward the substrate stage 9. The second cylindrical cata- 
lyzer holder 20B is located in the chamber 1 at its right-hand 

3S side so that a bottom opening 21B of the second holder 20B 
is directed toward the substrate stage 9. The opening 21Aof 
the first holder 20A is closed or opened by a first shutter 
29A. The opening 21B of the second holder 20B is closed or 
opened by a second shutter 29B. 

40 A first coil-shaped catalyzer member 25A, which is 
formed by a piece of wire made of a refractory metal such 
as W, is fixed in the inner space 20Aa of the first holder 20A. 
The member 25A is fixed onto the inner wall of the holder 
20A. Asecond coil-shaped catalyzer member 25B, which is 

45 formed by a piece of wire made of a refractory metal such 
as W, is fixed in the inner space 20B« of the second holder 
20B. The member 25B is fixed onto the inner wall of the 
holder 20B. 

Each of the first and second catalyzer holders 20A and 

50 20B is made of a heat-resistant material such as ceramic. 
Each of the first and second shutters 29A and 29B is made 
of a heat-resistant material. 

The first catalyzer member 25A is electrically connected 
to a first power supply 23A placed outside the chamber 1 for 

55 heating the member 25A to a specific temperature on use. 
The second catalyzer member 25B is electrically connected 
to a second power supply 23B placed outside the chamber 1 
for heating the member 25B to a specific temperature on use. 
To take the degradation or deterioration of the members 25A 

6o and 25B due to long-term use into consideration, the holders 
20A and 20B with the members 25A and 25B are designed 
to be removable from the chamber 1 along with the members 
25A and 25B, respectively. 

A first gas-supplying tube 27A is connected to another 

65 opening of the first holder 20A and therefore, a first source 
gas SGI is introduced into the inner space 20Aa of the first 
holder 20A. The source gas SGI thus introduced is then 
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supplied to the vicinity of the substrate 8 through the 
opening 21 A. A second gas-supplying tube 27B is connected 
to another opening of the second holder 20B and therefore, 
a second source gas SG2 is introduced into the inner space 
20Ba of the second holder 20B. The source gas SG2 thus 
introduced is then supplied to the vicinity of the substrate 8 
through the opening 21B. 

Unlike the first embodiment of FIG. 4, the cleaning device 
5 is located on the top wall of the chamber 1 between the first 
and second holders 20A and 20B. 

The above-described catalytic CVD apparatus according 
to the second embodiment of FIG. 6 is used in the following 
way, in which a thin SiN x film used as a dielectric in the 
semiconductor device is formed on the Si substrate 8. 

First, the first and second shutters 29 A and 29B are moved 
to their closing positions, closing the openings 21A and 21B 
of the first and second catalyzer holders 20A and 20B, 
respectively. Thus, the first and second catalyzer members 
25A and 25B are separated from the inside atmosphere la of 
the chamber 1. 

Next, the Si substrate 8 is sent to the inside of the chamber 
1 and is placed on the substrate stage 9. The substrate 9 is 
then heated up to a specific temperature and kept at the same 
temperature in the same way and condition as those of the 
first embodiment. The atmospheric air existing in the cham- 
ber 1 is then exhausted in the same way and condition as 
those of the first embodiment. 

Subsequently, the first and second catalyzer members 25A 
and 25B fixed in the first and second holders 20A and 20B 
are respectively supplied with electric power from their 
power supplies 23A and 23B, thereby heating the members 
25A and 25B up to a specific temperature and keeping it at 
the same temperature in the same way and condition as those 
of the first embodiment. 

As the first source gas SGI, gaseous SiH 4 is introduced 
into the inner space 20A« of the first holder 20A through the 
tube 27A at a flow rate of approximately 1 seem. At the same 
time as this, as the second source gas SG2, gaseous NH 3 is 
introduced into the inner space 20Ba of the second holder 
20B through the tube 27B at a flow rate of approximately 
100 seem. The introduced first and second source gases SGI 
and SG2 are respectively decomposed due to the catalysis of 
the heated catalyzer members 25A and 25B, generating 
active species 10A in the inner space 20Aa of the first holder 
20A and active species 10B in the inner space 20Bo of the 
second holder 20B Since the openings 21A and 21B of the 
holders 20A and 20B are respectively closed by the shutters 
29A and 29B at this time, the active species 10A and 10B 
thus generated do not reach the substrate 8. As a result, no 
SiN v film is deposited on the substrate 8. 

After the flow rates of the first and second source gases 
SGI and SG2 and the temperatures of the catalyzer members 
25A and 25B become steady, the shutters 29 A and 29B are 
moved to their opening positions to open the openings 21A 
and 21B, exposing entirely the upper area of the substrate 8. 
Thus, the active species 10A and 10B generated from the 
source gases SGI and SG2 in the holders 20A and 20B are 
supplied to the surface of the substrate 8, as shown by the 
oblique arrows in FIG. 6. The active species 10A and 10B 
react with the Si of the substrate 8 to deposit SiN^. on the 
surface of the substrate 8. 

After a specific deposition period passes, the shutters 29A 
and 29B are moved to their closing positions, closing the 
openings 21 A and 21B of the holders 20A and 20B . Thus, a 
desired SiN^ film (not shown) with a desired thickness is 
formed on the surface of the Si substrate 8. 
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Then, the introduction or supply of the first and second 
source gases SGI and SG2 and the heating of the first and 
second catalyzer members 25A and 25B are stopped. The 
unreacled source gasses SGI and SG2 existing in the 
chamber 1 and other gaseous substances produced by the 
CVD reaction are exhausted through the gas outlet tube 14. 
Thereafter, the substrate 8 with the deposited SiN A . film is 
taken out of the reaction chamber 1. 

Subsequently, a cleaning process is conducted to clean the 
inside of the chamber 1 by using the cleaning device 5 while 
the openings 21A and 21B of the catalyzer holders 20A and 
20B are respectively closed by the shutters 29A and 29B in 
the same way as that of the first embodiment Thus, the 
unwanted SiN x . films deposited on the inner walls of the 
chamber 1, the shutters 29A and 29B, and the substrate stage 
9, or the like are removed by the etching action of CF 4 or 
CHF 3 plasma generated by the ECR plasma generator in the 
cleaning device 5. The cleaning process is conducted in a 
specific time period. 

Through the above-described CVD process of the SiR,. 
film and the cleaning process of the chamber 1, one cycle of 
the SiN x film formation is completed. A same CVD process 
and a same cleaning process are then repeated in the same 
chamber 1 in the same way as described above as necessary. 

With the catalytic CVD apparatus according to the second 
embodiment of the present invention, as shown in FIG. 6, 
the source gases SGI and SG2 (i.e., SiH 4 and NH 3 ) having 
different decomposition rates are respectively introduced 
into the inner spaces 20As and 20Bfl of the holder 20A and 
20B through the dedicated lubes 27A and 27B. Therefore, 
there is an additional advantage hat the ratio of Si and N can 
be accurately controlled to be stoichiometric (i.e., Si:N=3:4), 
thereby forming stably a stoichiometric silicon nitride film 
(i.e., Si 3 N 4 ). because of the same reason as above, the first 

Moreover, and second source gases SGI and SG2 can be 
used effectively. This means that part of the introduced 
source gases SGI and SG2 is not left unreacled in the 
chamber 1 after the CVD process is completed. As a result, 
the utilization rate of the source gases SGI and SG2 is 
improved. For example, the necessary amounts of the SiH 4 
and NH 3 gases are decreased to approximately one-fiftieth 
(Vso) of that for the prior-art CVD apparatus. 

If SiH 4 and NH 3 gases are introduced through a common 
tube into the reaction chamber 1, as shown in the first 
embodiment of FIG. 4, there arises a disadvantage that some 
of the introduced NH 3 gas tends to be exhausted unreacted. 
This is because the flow rates of the SiH 4 and NH 3 gases 
need to be set as approximately 1:100. Also, to treat a large 
amount of the unreacted NH 3 gas, there is a disadvantage 
that a large-sized gas treatment system is required. However, 
these two disadvantages can be solved in the CVD apparatus 
according to the second embodiment. 

As described above, the apparatus according to the second 
embodiment has not only the same advantages as those in 
the first embodiment of FIG. 4 but also an additional 
advantage that the utilization rate of the different source 
gases is improved. 

In the apparatus according to the second embodiment, two 
catalyzer holders with catalyzer members and two shutters 
are provided in the reaction chamber. However, it is needless 
to say that three or more catalyzer holders and three or more 
shutters may be provided in the reaction chamber according 
to the necessity. 

THIRD EMBODIMENT 

FIGS. 7 and 8 show the configuration of a CVD apparatus 
according to a third embodiment of the present invention, 
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which has the same configuration as that of the first embodi- 
ment of FIG. 4 except that a circular plate-shaped grid 
member 32 is additionally provided at the opening 3 of the 
catalyzer holder 2. The grid member 32 is made of heat- 
resistant, electrically insulating material such as ceramic and 5 
is used to suppress the effect of the radiated heat from the 
catalyzer member 6 to the substrate 8. Therefore, the expla- 
nation about the same configuration is omitted here for the 
sake of simplification by attaching the same reference sym- 
bols as those used in FIG. 4 to the same or equivalent 
elements in FIGS. 7 and 8. 

As shown in FIG. 7, the grid member 32 is fitted into the 
opening 3 of the cylindrical catalyzer holder 2. Therefore, 
the member 32 is entirely located in the catalyzer holder 2 
when the shutter 4 closes the opening 3. The member 32 has 
a plurality of penetrating holes 31 allowing the active 15 
species 10 generated in the inner space 2a of the holder 2 to 
travel to the vicinity of the substrate 8 on the stage 9. As 
clearly shown in FIG. 8, each of the holes 31 has a specific 
aspect ratio (b/a) where b is the length of the hole 31 and a 
is the diameter thereof. The aspect ratio (b/a) is determined 20 
to be large enough for the rays 33 of the radiated heat from 
the catalyzer member 6 not to reach directly the substrate 8 
on the stage 9 through any of the holes 31. 

The CVD or film formation method and the cleaning 
method conducted in the CVD apparatus according to the 25 
third embodiment of FIG. 7 are the same as those in the first 
embodiment of FIG. 4. 

With the apparatus according to the third embodiment, in 
addition to the same advantages as those in the first embodi- 
ment of FIG. 4, there is an additional advantage that the 30 
temperature rise of the substrate 8 can be prevented during 
the CVD process. This is because the effect of the radiated 
heat from the catalyzer member 6 is suppressed by the grid 
member 32. 

FOURTH EMBODIMENT 35 

FIG. 9 shows the configuration of a CVD apparatus 
according to a fourth embodiment of the present invention, 
which has the same configuration as that of the first embodi- 
ment of FIG. 4 except that a circular plate-shaped grid 
member 36 is additionally provided in the vicinity of the 40 
opening 3 of the catalyzer holder 2. The grid member 36 is 
made of heat-resistant, electrically insulating material such 
as ceramic and is used to suppress the effect of the radiated 
heat from the catalyzer member 6 to the substrate 8. 
Therefore, the explanation about the same configuration is 45 
omitted here for the sake of simplification by attaching the 
same reference symbols as those used in FIG. 4 to the same 
or equivalent elements in FIG. 9. 

As seen from FIG. 9, the grid member 36 has the same 
structure as that of the grid member 32 provided in the third 50 
embodiment of FIG. 7. Specifically, the member 36 has a 
plurality of penetrating holes 35 allowing the active species 
10 generated in the inner space 2a of the holder 2 to travel 
to the vicinity of the substrate 8 on the stage 9. Each of the 
holes 35 has a specific aspect ratio (b/a) where b is the length J5 
of the hole 35 and a is the diameter thereof, as shown in FIG. 
8. The aspect ratio (b/a) is determined to be large enough for 
the rays 33 of the radiated heat from the catalyzer member 
6 not to reach directly the substrate 8 on the stage 9 through 
any of the holes 35. 

In the apparatus according to the third embodiment of 60 
FIG. 7, the grid member 32 is entirely positioned in the 
catalyzer holder 2 when the shutter 4 closes the opening 3 of 
the holder 2. unlike this, in the apparatus according to the 
fourth embodiment of FIG. 9, the entire grid member 36 is 
positioned outside the catalyzer holder 2. When the shutter 65 
4 closes the opening 3 of the holder 2, the member 36 is 
placed between the shutter 4 and the substrate 8. 
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The film-formation method and the cleaning method 
conducted in the CVD apparatus according to the fourth 
embodiment are the same as those i n the first embodiment. 

With the apparatus according to the fourth embodiment of 
FIG. 9, in addition to the same advantages as those in the 
first embodiment of FIG. 4, there is an additional advantage 
that the temperature rise of the substrate 8 can be prevented 
during the CVD process because the effect of the radiated 
heat from the catalyzer member 6 is suppressed by the grid 
member 36. 

Moreover, there is a further additional advantage that the 
deposition rate of the film on the substrate 8 can be pre- 
vented from lowering, the reason of which is as follows: 

Due to repetition of the CVD or film-formation process, 
the film is deposited not only on the substrate 8 but also on 
the grid member 36. As a result, after repetition of the CVD 
process, the penetrating holes 35 of the grid member 36 tend 
to be narrowed or blocked. Since the active species 10 
generated in the inner space 2a of the catalyzer holder 2 
travel to the substrate 8 through the holes 35, the narrowing 
or blocking of the holes 35 reduces the deposition rate. 
Unlike this, in the apparatus according to the fourth embodi- 
ment of FIG. 9, the deposited film on the member 36 can be 
removed during the cleaning process of the inside of the 
reaction chamber 1 and therefore, the deposition rate of the 
film on the substrate 8 can be prevented from lowering 
without any dedicated cleaning process for the grid member 
36 

FIFTH EMBODIMENT 

FIG. 10 shows the configuration of a CVD apparatus 
according to a fifth embodiment of the present invention, 
which has the same configuration as that of the fourth 
embodiment of FIG. 9 except that the grid member 36 is 
electrically connected to a power supply 37 provided outside 
the chamber 1. Therefore, the explanation about the same 
configuration is omitted here for the sake of simplification 
by attaching the same reference symbols as those used in 
FIG. 9 to the same or equivalent elements in FIG. 10, 

As seen from FIG. 10, the grid member 36 is designed to 
be applied with a negative bias voltage from the power 
supply 37. Therefore, the amount or thickness of the depos- 
ited film on the grid member 36 is decreased, the reason of 
which is as follows; 

The introduced gaseous SiF 4 and NH 3 are decomposed by 
the catalysis of the catalyzer member 6 fixed in the inner 
space 2 of the catalyzer holder 2, thereby producing anions 
such as SiH 3 " and/or SiH 2 ~. These anions do not attach to 
the member 36 because of the applied negative bias voltage 
to the grid member 36, which decreases the thickness of the 
undesired SiN x film deposited on the member 36. As a result, 
the penetrating holes 35 of the member 36 are difficult to be 
narrowed or blocked compared with the apparatus according 
to the fourth embodiment of FIG. 9. 

With the apparatus according to the fifth embodiment of 
FIG. 10, in addition to the same advantages as those in the 
fourth embodiment of FIG. 9, there is an additional advan- 
tage that the amount or thickness of the deposited film on the 
grid member 36 is decreased. 

SIXTH EMBODIMENT 

FIG. 11 shows the configuration of a CVD apparatus 
according to a sixth embodiment of the present invention, 
which has the same configuration as that of the first embodi- 
ment of FIG. 4 except that a catalyzer holder 41 having a 
cooling device 40 is provided instead of the catalyzer holder 
2. Therefore, the explanation about the same configuration is 
omitted here for the sake of simplification by attaching the 
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same reference symbols as those used in FIG. 4 to the same 
or equivalent elements in FIG. 11. 

As seen from FIG. 11, cooling paths 44 are formed in the 
walls of the catalyzer holder 41. The paths 44 communicate 
with the cooling device 40 provided outside the reaction 5 
chamber 1. Due to the operation of the cooling device 40, a 
cooling medium (not shown) is circulated through the paths 
44. As the cooling medium, any liquid such as cold water 
and propylene glycol, or any gas such as the atmospheric air 
may be used. 10 

Since the catalyzer holder 41 can be cooled by circulating 
the cooling medium through the paths 44 in the holder 41, 
the effect of the radiated heat from the catalyzer member 6 
to the temperature of the substrate 8 can be suppressed 
effectively. Thus, the quality of the deposited film on the 15 
substrate 8 is more controllable. 

As described above, with the apparatus according to the 
sixth embodiment of FIG. 11, in addition to the same 
advantages as those in the first embodiment of FIG. 4, there 
is an additional advantage that the quality of the deposited 20 
film on the substrate 8 is more controllable. 

VARIATION 

In the above-described first to sixth embodiments, the 
catalyzer member is made of W. However, any other refrac- 25 
tory metal such as tantalum (Ta), titanium (Ti), and molyb- 
denum (Mo), or any other material than refractory metals 
may be used. 

Any other type of plasma generator than the ECR plasma 
generator may be used for the cleaning device 5. For 30 
example, a plasma generator with the remote plasma 
configuration, in which a plasma generator is provided 
outside the reaction chamber 1 and the generated plasma in 
the generator is sent to the inside of the chamber 1, may be 
used. An optically-excited plasma generator may be used. 35 
The parallel-plate or barrel type electrodes may be used. The 
inductively coupled plasma (ICP) configuration may be 
used. 

In the above-described first to sixth embodiments, SiH 4 
and NH 3 gases are used as the source gases for forming a 
SiN^. film on the substrate 8 However, disilane (Si 2 H 6 ) and 
nitrogen (N 2 ) gases may be used as the source gases. 

Moreover, any other dielectric or conductive film than 
SiN x may be formed on the substrate 8 by suitably selecting 
the source gas or gases. As the dielectric film, any film made 
of Si0 2 or alumina (A1 2 0 3 ) may be used. As the conductive 
film, any film made of polysilicon or amorphous silicon may 
be used. 

For example, if only monosilan (SiH 4 ) gas is used as the 
source gas, a polysilicon film is formed on the substrate 8 If 
oxygen (0 2 ) gas is added to the mixture of SiH 4 and NH 3 
gases, a silicon oxynitride (SiO^K,,) film may be formed on 
the substrate 8. Furthermore, if only hydrogen (H 2 ) gas is 
used as the source gas, the surface of the substrate 8 can be 
cleaned by using hydrogen radicals. Thereafter, the film 
deposition method used in any one of the first to sixth 55 
embodiments may be carried out. 

Any other substrate than single-crystal Si (e.g., ceramic 
substrate) may be used as necessary. 

The above-described deposition conditions relating to the 
temperature, pressure, and Dow rate are simply shown as 60 
examples. Therefore, they may be changed according to the 
purpose or application. 

While the preferred forms of the present invention have 
been described, it is to be understood that modifications will 
be apparent to those skilled in the art without departing from 65 
the spirit of the invention. The scope of the invention, 
therefore, is to be determined solely by the following claims. 
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What is claimed is: 

1. A CVD apparatus comprising: 
a reaction chamber; 

a substrate stage located in said chamber, a substrate being 
placed on said stage; 

a catalyzer holder located in said chamber for holding a 
catalyzer member; 

said holder having an inner space in which said catalyzer 
member is fixed; 

said holder having an opening that communicates with 
said inner space and that faces toward said substrate 
placed on said stage; 

a shutter located in said chamber for closing said opening 
of said holder; 

a cleaning device for cleaning an inside of said chamber 
after a CVD process is completed; and 

a gas supply line for supplying a source gas into said inner 
space of said holder; 

wherein when a film is formed on said substrate, said 
source gas is supplied into said inner space of said 
catalyzer holder to generate an active species due to a 
catalysis of said catalyzer member, and said active 
species is supplied to said substrate placed on said stage 
through said opening of said catalyzer holder; 

and wherein when the inside of said chamber is cleaned 
by said cleaning device, said substrate is taken out of 
said chamber and said opening of said holder is closed 
by said shutter, separating said catalyzer member 
located in said holder from an outside atmosphere of 
said holder. 

2. The apparatus as claimed in claim 1, further compris- 
ing: 

an additional catalyzer holder located in said chamber for 
holding an additional catalyzer member; and 

an additional shutter located in said chamber for closing 
an opening of said additional holder; 

wherein said additional holder has an inner space in which 
said additional catalyzer member is fixed; 

and wherein said opening of said additional holder com- 
municates with said inner space of said additional 
holder and that faces toward said substrate placed on 
said stage. 

3. The apparatus as claimed in claim 1, further comprising 
a grid member having penetrating holes for allowing said 
active species to reach said substrate placed on said stage. 

4. The apparatus as claimed in claim 3, wherein said grid 
member is located inside said holder, and said grid member 
is separated from said outside atmosphere of said holder 
when said shutter closes said opening of said holder. 

5. The apparatus as claimed in claim 3, wherein said grid 
member is located outside said holder, and said grid member 
is not separated from said outside atmosphere of said holder 
even when said shutter closes said opening of said holder. 

6. The apparatus as claimed in claim 3, wherein said grid 
member is designed for being applied with a negative bias 
voltage. 

7. The apparatus as claimed in claim 1, wherein said 
holder includes a path for allowing a cooling medium to flow 
through a wall of said holder. 

8. The apparatus as claimed in claim 1, wherein said gas 
supply line is communicated with an upper part of said 
catalyzer holder, and said source gas supplied into said inner 
space of said holder flows downward to be contacted with 
said catalyzer member. 
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[57] ABSTRACT 

An apparatus and process for the etching and coating of 
samples in a single vacuum chamber, thus minimizing 
handling and transfer of the samples is provided. The 
apparatus includes a sealed chamber and a vacuum pump for 
forming and maintaining a vacuum in the chamber, a first ion 
gun positioned in the chamber to etch a sample, a sputtering 
target in the chamber, and at least one additional ion gun 
positioned in the chamber to cause material from the target 
to be directed onto the sample. 

14 Claims, 5 Drawing Sheets 
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APPARATUS FOR ETCHING AND COATING 
SAMPLE SPECIMENS FOR MICROSCOPIC 
ANALYSIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application claims the benefit of U.S. Provi- 
sional Application Serial No. 60/033,495, filed Dec. 20, 
1996. 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for both 
etching and coating a specimen prior to analysis, and more 
particularly to an ion beam etching and sputter coating 
system for the preparation of sample specimens to be 
analyzed in a microscope. 

Ion milling systems are used extensively for etching, 
milling, cutting, and cleaning samples of various materials 
such as ceramics, semiconductors, metals, and combinations 
thereof to make possible and/or enhance certain features for 
analysis in a microscope, typically analysis with an electron 
or optical microscope. Many of these samples, particularly 
samples of electrically insulating materials, are coated after 
cleaning or etching and prior to examination in an electron 
or optical microscope to prevent charging effects. Certain 
coatings also have the effect of increasing the secondary 
electron yield from almost all types of material. 

Typically for etching and coating, the samples to be 
studied are first mounted to a sample holder for the purpose 
of mechanically polishing one or more surfaces until such 
surfaces are flat, parallel, and scratch free. The polished 
sample is then removed from the polishing holder, mounted 
to a second holder, and placed into an ion milling device for 
etching. In the ion mill, the sample is positioned in the path 
of one or more ion beams and etched at a relatively steep 
angle between the incident beam(s) and the sample surface. 

Once etching has been completed, the sample may require 
remounting to a third holder to enable installation into a 
separate device for the purpose of depositing a conductive 
coating thereon. Previously, such coatings were applied by 
such techniques as thermal evaporation, arc discharge, and 
diode, magnetron, or RF sputtering. More recently, the 
coatings have been applied by sputter coating in a vacuum 
using ion beam techniques. 

After coating, the sample may be mounted to a final stub 
or holder designed for use in a specific microscope, for 
example a transmission electron microscope, a scanning 
electron microscope, or even a light microscope. Thus, the 
current techniques for sample preparation require that the 
samples be handled multiple times and transferred among 
several instruments and vacuum systems. These techniques 
expose the samples to potential damage and/or contamina- 
tion of the sample surface. 

Accordingly, there is a need in the art for a process and 
system which minimizes sample handling and exposure to 
potential damage and/or contamination. 

SUMMARY OF THE INVENTION 

The present invention meets that need by providing for 
the etching and coating of samples in a single vacuum 
chamber, thus minimizing handling and transfer of the 
samples. In accordance with one aspect of the invention, an 
apparatus for the precision etching and coating of a sample 
is provided and includes a sealed chamber and a vacuum 
system for forming and maintaining a vacuum in the cham- 
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ber. The apparatus also includes a sample holder and an 
airlock for moving samples quickly into and out of the 
chamber. 

An ion milling gun is positioned in the chamber to direct 

5 a stream of ions, neutrals, or combinations thereof onto the 
sample to etch the sample. Also in the chamber, at least one 
movable sputtering target is positioned for coating purposes. 
The target is shielded from the ion and neutrals stream 
emanating from the milling gun during etching. To coat the 

1Q sample, at least one additional ion gun is positioned to direct 
a stream of ions and neutrals onto the target. After etching 
of the sample, the target is moved into a position in the 
chamber where material sputtered from it becomes coated 
onto the sample. 
In a preferred embodiment, there are two ion guns posi- 

15 tioned to direct streams of ions and neutrals from different 
angles to impact the target and sputter deposit material from 
the target onto the sample. The moveable target may be 
positioned to aid in efficiently directing sputtered material 
onto the sample. 

20 In accordance with another aspect of the invention, a 
process is provided for the etching and sputter coating a 
sample in a single evacuated chamber without the need to 
remove the sample or break the vacuum during processing. 
The process includes the steps of mounting the sample onto 

25 a sample holder and then loading the sample and holder into 
the evacuated chamber. The sample is etched using an ion 
milling gun. Then, the sample may be immediately coated in 
the same chamber without any need for further handling or 
transfer using a target material and additional sputtering ion 

3 0 gun or guns which are provided in the chamber. 

After moving the target into position, the ion gun or guns 
are energized and produce energetic ions and neutrals which 
impinge onto the target and cause target material to be 
sputter deposited onto the sample. The coated sample may 

35 then be removed from the chamber. With the airlock, there 
is no need to continually cycle the pressure in the chamber 
from atmospheric to vacuum and back. Rather, the vacuum 
need be formed only once and then maintained. 

By performing the etching and coating operations in the 
same chamber, the sample is not moved or handled between 

40 process steps, which minimizes the amount of contaminants 
to which the sample may be exposed. Further, the sample 
may be initially mounted onto a sample holder and then 
supported by that same holder throughout the entire etching/ 
coating process. The same holder may even be used to 

45 support the sample for microscopic analysis. 

In a preferred embodiment of the process, the sample is 
initially mounted onto a holder and then mechanically 
polished. The polished sample is then transferred into the 
vacuum chamber through an airlock where it is etched and 

50 then coated. The finished, coated sample is then removed 
from the vacuum chamber ready for viewing in a selected 
microscope. 

The system and process of the present invention has some 
utility in sample preparation for scanning electron micro- 

55 scope (SEM) analysis, transmission electron microscope 
(TEM) analysis, and light microscope observations analysis. 
Accordingly, it is a feature of the present invention to 
provide for the etching and coating of samples in a single 
device under vacuum, thus minimizing handling and transfer 

60 of the samples. This and other features and advantages of the 
invention will become apparent from the following detailed 
description, the accompanying drawings, and the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

65 FIG. 1 is a schematic side view of the system of the 
present invention with the sample and sample holder posi- 
tioned outside the chamber; 
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FIG. 2 is a schematic side view of the system with the with a vacuum tight seal being provided by O-ring 57 in 

sample and holder therein, and the system operating in a sample holder 14a. When in position, the portion of the 

sputter deposit mode to coat the sample; TEM sample holder 14a which contains the sample 16 itself 

FIG. 3 is a side view, in partial section, illustrating the is extended into sealed chamber 10 (see FIG. 1) by the 

target and sample holder in position for sputter coating; 5 operation of airlock 18. While in chamber 10 (see FIG. 1), 

FIG. 4 is a side view, in partial section, illustrating the sample 16 is exposed to the ion beam for etching or to the 

target and sample holder in retracted positions; and sputtered target material 30 for coating. Thus, a user can 

FIG. 5 is a side view, in partial section, illustrating process TEM samples using sample holders of various 

features of a TEM sample holder. manufacturers simply by interchanging adaptors 54. 

DETAILED DESCRIPTION OF THE 10 As shown in FIG. 1, sample 16 is secured to a sample 

PREFERRED EMBODIMENT mount 32, and mount 32 is inserted into a sample adaptor 34. 

With reference to FIG. 1, the etching and coating system The entire assembly is then inserted into sample holder 14. 

of the present invention includes a sealed chamber 10 which M best shown ln FIGS - 3 and 4 > sam P le holder 14 18 housed 

is evacuated by vacuum system 12 to provide a worldng m alrlock 18 and ls moved mto and out of position by a 

vacuum pressure in the chamber. A sample holder 14 is used 15 Pneumatic piston 36. Gas pressure is provided to the piston 

to mount a sample 16 thereon. Sample holder 14 may be from a sollrce of compressed gas (not shown) connected 

cooled, such as by for example using liquid nitrogen, to lhrou g h P ort 38 - Airlock vacuum is achieved by connection 

reduce or maintain the temperature of sample 16 within a 40 whlch communicates with a vacuum pump (not shown), 

predetermined range as taught by Jones et al, U.S. Pat. No. Sample holder 14 may be designed to either "rock or 

4,950,901, the disclosure of which is hereby incorporated by 20 rotate" or "rock and rotate" during the etching, cleaning, 

reference. and/or coating processes. Such rocking and/or rotating 

Depending upon the sample and the desired type of mechanisms are known in this art. Rotation of the sample 

microscopic analysis instrument, it may be desirable to during etching produces a more uniformly etched sample 

polish the sample mechanically prior to insertion into surface and a more uniform etching rate. Rocking and 

vacuum chamber 10. Commercial mechanical polishing rotating the sample during coating produces homogeneous 

devices are readily available and are used to grind and polish coatings of uniform thickness. A fixed rock angle may be 

one or more of the sample surfaces until they are flat, selected to change the incident angle of the ion beam on the 

parallel, scratch free, and of a desired thickness. sample surface from an angle normal to the sample surface 

The polished sample 16, mounted on holder 14, is then ,„ to that of a lesser angle. The fixed angle also helps to 

inserted into vacuum chamber 10 through airlock 18 to ™ crease the size of the etched area when combined with 

position the sample beneath ion etch gun 20. Airlock 18, in rotation. 

a preferred embodiment, is pneumatically controlled to Also in FIG. 1, an ion etch gun 20 is positioned in 

provide fast loading and unloading (i.e., 30 seconds) of the chamber 10 as shown to provide the relative beam angle 

sample. By using an airlock, the vacuum chamber 10 is only 35 between the incident beam 21 and the sample surface. Gun 

vented for routine servicing, allowing the base vacuum 20 may be mounted at the top of chamber 10 as shown, or 

pressure to be maintained. A pneumatically-controlled air- at the bottom, or at a location which would provide angled 

lock is described in Swann, U.S. Pat. No. 4,272,682. etching of the sample. Further, gun 20 may be positioned so 

Airlock 18 may vary in size and shape and may be as to vary the distance between the gun and the surface of the 

designed to accept various configured sample holders as in 40 sample. That is, gun 20 may be moved inwardly or out- 

the case of etching or coating TEM samples while mounted wardI >' from its position on the chamber wall. Moving gun 

in a TEM holder or when a probe is used for monitoring the 20 closer to the sample surface has the effect of increasing 

rate of sputtered coating deposition and total coating thick- the etch rate for a given 6 un ene rgy ( keV )- Such increased 

ness. TEM sample holders vary in size and configuration etch rate is useful where the gun is used for slope cutting of 

according to manufacturer. Thus, rather than manufacture 45 a sam P le or TEM sample milling. 

separate airlocks 18 to fit each sample holder, a removable Additionally, gun 20 may be mounted such that it is able 

assembly may be provided into which sample holders of to pivot. This provides the ability to change the angle at 

various preselected sizes and configurations may be which the energetic ions and neutrals impinge the sample 

inserted. Such a removable assembly comprises a reducing surface for a fixed, horizontally oriented sample. Thus, the 

sleeve 52 and interchangeable adaptors 54 (only one 50 angle of ion impingement could be adjusted without moving 

shown), as illustrated in FIG. 5, which enable the accom- the sample. 

niodation of TEM sample holders of all varieties. A number of ion etching or ion milling guns are readily 
Referring to FIG. 5, reducing sleeve 52 has a generally commercially available. For example, ion gun 20 may 
cylindrical configuration and the same outer dimensions as comprise a grounded cathode and an anode connected to an 
a conventional sample holder 14 (see FIG. 1) which it 55 adjustable high voltage supply (not shown). A gas or com- 
replaces. Sleeve 52 also has an inner diameter sized and bination of gases, typically any noble or inert gas such as 
adapted to fit the fixed outer diameter of an interchangeable argon or xenon, may be supplied to the gun from a separate 
adaptor 54. Interchangeable adaptors 54 have an inner source 66. The high voltage discharge between the anode 
diameter sized and adapted to accept TEM sample holders of and cathode generates and directs an energetic beam 21 of 
various sizes and configurations such as sample holder 14a 60 ions and neutrals towards sample 16 (when sample 16 is in 
illustrated in FIG. 5. Thus, the reducing sleeve and adaptor the position shown in FIG. 2). Ion etch gun 20 may also 
assembly fits into airlock 18 as shown in FIG. 5. O-ring 55 comprise a rare earth magnet Penning gun which is capable 
provides a vacuum tight seal between adaptor 54 and the of delivering a high current density ion beam which pro- 
inner wall of pneumatic airlock piston 36 (shown in FIGS. duces a high sample etching rate, reducing etching time. 
3 and 4). 65 Optionally, a second ion gun 20 may be positioned on the 
O-ring 57 provides a vacuum tight seal between adaptor opposite side of chamber 10 as shown. Such a second gun 
54 and sleeve 52. Sample holder 14a is fitted into adaptor 54 would be able to provide simultaneous two-sided milling of 
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samples for transmission electron microscopy (TEM). The may comprise chromium, platinum, gold-palladium, 

ion gun or guns 20 may also be used to provide re-milling iridium, tungsten, carbon, etc. Ion beams 24 from ion guns 

or cleanup of TEM samples which were initially prepared by 22 cause target material 30 to be sputter deposited onto 

broad ion beam (BIB) milling or focused ion beam (FIB) sample 16. The thickness of the deposited coating may be 

milling, or mechanically thinned using a known wedge 5 monitored using conventional techniques. Generally, the 

technique. Such samples, still mounted in a TEM holder, target may be sputter cleaned prior to deposition of the 

may be thinned using one or more ion guns to mill at shallow coating for a short initial period by exposing it lo the 

angles. energized stream of ions and neutrals. 

The ion gun or guns 20 may also be used not only to clean As shown in greater detail in FIGS. 3 and 4, there may be 

(etch) stand-alone TEM samples but also samples mounted i° an independent rotatable shutter 48 so that the sample is 

in a TEM sample holder, thus cleaning both the sample and protected during cleaning of the target. FIG. 3 illustrates the 

holder simultaneously or cleaning the holder only. Such a target in an extended working position such that the ener- 

cleaning improves high resolution imaging by removing gized beam 24 contacts target 28 to sputter deposit material 

amorphous layers and carbon-containing contaminants from onto sample 16. In FIG, 3, rotatable shutter 48 is in an 

the sample (and holder) surface by exposure to the etching 15 "open" position to expose the sample for coating, 

beam at selected keV energies. Referring now to FIG. 4, target 28 is shown in a retracted, 

During etching of the sample, target or targets 28 are shielded position as it would be during the etching 

maintained in a shielded location (FIGS. 1 and 4) out of the procedure, and shutter 48 has been rotated to a "closed" 

path of the ion beam. As best illustrated in FIGS. 1-2, targets position which can also be used to isolate the sample. 

28 are carried on the tip of a retractable piston assembly 42 20 Shutter 48 preferably comprises an electrically conductive 

and can be moved from a retracted position (FIG. 1) out of material such as a metal which permits it to act as a Faraday 

the path of the ion gun to an extended position (FIG. 2). cup or cage. By suitable connections (not shown), shutter 48 

When in a retracted position, targets 28 are shielded on both may also be used to monitor the ion current from first ion 

sides by target shields 44. (also shown in FIGS. 3 and 4) gun 20. Also, for purposes of understanding and illustration, 

As can be seen in FIGS. 1 and 2, located on chamber 10 25 the sample holder is shown in a retracted position within 

is a vacuum system 12 which includes a drag pump manifold airlock chamber 50, and shutter 48 has been rotated to a 

60 which is in turn connected to molecular drag pump 62. "closed" position. 

Molecular drag pump 62 provides a suitable vacuum level Referring to FIG. 1, once a desired coating thickness is 

for the operation of the ion guns by providing an ultimate ^ attained, the ion guns are turned off, and the sample is 

vacuum of 10~ a torr in sealed chamber 10. Molecular drag removed from chamber 10 through airlock 18. As the sample 

pump 62 will not operate properly unless its outlet is is already mounted on a suitable stub or mount 32, the 

prepumped; therefore it is necessary to reduce its foreline or sample may be loaded into or taken directly to a desired 

outlet vacuum. This is accomplished by backing molecular microscope for analysis. The apparatus and process of the 

drag pump 62 with an oil free diaphragm pump 64. The oil ^ present invention provide a technique which reduces sample 

free system is preferred to eliminate the possibility of handling and transfer to a minimum number of steps and 

introducing hydrocarbon contamination from the lubricating substantially reduces the possibility of sample damage, 

oils of the pump into sealed chamber 10. Tne precision etching and coating system of the present 

As also shown in FIGS. 3 and 4, chamber 10 may include invention may be used for ion beam slope cutting of 

a viewing window 46. Window 46 provides an operator with 4Q samples. This is accomplished by using ion gun 20 and 

a quick visual inspection of the working portion of vacuum fixing the angle of a screened-mount sample holder lo cross 

chamber 10 to verify the correct operation of the device cut sections through heterogeneous solids such as, for 

during rocking and/or rotation of the sample, the correct example, integrated circuits and various semiconductor elec- 

operation of the ion guns during etching or coating, and the tronic devices. The screen which is mounted onto the sample 

correct positioning of shutter 48. Importantly, the window 4J holder comprises, for example, a block of metal having one 

also permits viewing of the sample to insure that it is or more sharply-defined knife edges. The metal of the screen 

properly positioned, has not slipped from its holder or serves as a protective mask for portions of the sample, while 

mount, has not changed angle during movement of the exposed areas of the sample are etched away. This provides 

holder or during loading or unloading through the airlock. the ability to investigate the cross-sectional microstructure 

With reference again now to FIG. 2, once etching of the 50 of a device to reveal regions deep inside of the material for 

sample is completed, ion etch gun 20 is turned off, and one SEM observations and microanalysis. Once sufficiently 

of the targets 28 is moved into position. One or more ion etched, the sample is immediately sputter coated in chamber 

sputter guns, such as, for example, the pair of ion sputter 10 with a desired target material using ion guns 22. 

guns 22 are activated and direct energetic beams of ions and The system of the present invention may also be used to 

neutrals at the target. Ion sputter guns may operate in the 55 wire shadow a TEM sample by cross sectioning the sample 

same general manner as ion etch gun 20. In a preferred without glue line preparation. Again, once sufficiently 

embodiment of the invention, ion sputter guns 22 comprise etched, the sample is immediately sputter coated in chamber 

rare earth magnet, Penning ion guns. 10. While both beam slope cutting and wire shadowing are 

Penning ion guns provide a high density ion flux and known techniques, the present system permits the etched 

operate over a broad range of ion energies. Penning ion guns 60 and cut samples to be immediately sputter coated in the same 

are advantageous as well in that they have low maintenance vacuum chamber without needing to move the samples, 

requirements, with no need for replacement of parts. The The precision etching and coating system may also be 

sputter deposits produced from the ion guns is high quality used with chemical etching processes using non-inert gases 

and amorphous. such as reactive ion beam etching (RIBE) and chemically- 

In a typical arrangement, a sample, such as a ceramic or (55 assisted ion beam etching (CAIBE). In this embodiment, 

semiconductor material, will be coated with a thin, amor- such non-inert gases, and combinations thereof, may be 

phous layer of a conductive material. For example, target 28 supplied to chamber 10 through an external source such as 
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source 66 (as shown in FIGS. 1 and 2). Halogens and 
halogen-containing gases as well as oxidants such as oxygen 
and oxygen-containing gases and combinations of such 
gases including I 2 , Cl 2 , Br 2 , N 2 0 4 , CF 4 /0 2 , etc. produce 
superior results for special materials used in the semicon- 5 
ductor industry. After etching, either by RIBE or CAIBE, the 
sample may be immediately sputter coated using the target 
material and ion guns 22. 

The system of the present invention may also be used to 
sputter coat metallographic samples for micro-hardness tests 10 
and light microscope applications. 

While certain representative embodiments and details 
have been shown for purposes of illustrating the invention, 
it will be apparent to those skilled in the art that various 
changes in the methods and apparatus disclosed herein may 15 
be made without departing from the scope of the invention, 
as defined by the accompanying claims. 

We claim: 

1. An apparatus for the precision etching and coating of a 
sample for microscopic analysis comprising: a chamber 20 
communicating with a source of vacuum to form and 
maintain a vacuum in said chamber; a sample holder; an 
airlock in said chamber through which said sample holder is 
loaded and removed; a first ion gun positioned in said 
chamber to etch a sample mounted on said sample holder; a 25 
sputtering target in said chamber and a shield in said 
chamber for shielding said sputtering target; and at least one 
additional ion gun positioned in said chamber to cause 
material from said target to be directed onto said sample, 
said sputtering target being movable from a first shielded 30 
position out of a path of a stream of ions and neutrals 
emanating from said at least one additional ion gun to a 
second position in the path of said stream. 

2. An apparatus as claimed in claim 1 in which said 
sample holder is cooled to reduce or maintain a temperature 
of said sample within a predetermined range. 

3. An apparatus as claimed in claim 1 including a viewing 
window in said chamber. 

4. An apparatus as claimed in claim 1 in which said first 
ion gun is adjustable to vary a distance between said ion gun 
and a surface of said sample. 
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5. An apparatus as claimed in claim 1 in which said first 
ion gun is pivoted to alter an angle of impact of a stream of 
ions and neutrals onto a surface of said sample. 

6. An apparatus as claimed in claim 1 in which each of 
said sputtering targets is mounted to a retractable piston 
assembly. 

7. An apparatus as claimed in claim 1 including a shutter 
in said chamber movable from a first position shielding said 
sample to a second position out of a path of a stream of ions 
and neutrals emanating from said first ion gun. 

8. An apparatus as claimed in claim 7 in which said shutter 
comprises an electrically conductive material which acts as 
a Faraday cup. 

9. An apparatus as claimed in claim 8 in which an ion 
current from said first ion gun is monitored by said shutter. 

10. An apparatus as claimed in claim 1 in which said 
source of vacuum comprises an oil-free vacuum system 
including a molecular drag pump in combination with a 
diaphragm pump. 

11. An apparatus as claimed in claim 1 further comprising 
a removable assembly which, in conjunction with said 
airlock, permits insertion and removal of sample holders of 
preselected sizes and configurations. 

12. An apparatus as claimed in claim 11 in which said 
removable assembly comprises a generally cylindrical 
reducing sleeve and a generally cylindrical interchangeable 
adaptor, said reducing sleeve having an inner diameter sized 
and adapted to fit the outer diameter of said generally 
cylindrical interchangeable adaptor. 

13. An apparatus as claimed in claim 12 in which said 
generally cylindrical interchangeable adaptor has an inner 
diameter which is sized and adapted to fit said sample 
holders. 

14. An apparatus as claimed in claim 1 in which said 
sample bolder includes a screened mount thereon, said 
screened mount comprising a block having one or more 
sharply-defined edges. 
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(57) ABSTRACT 

A system and method for controlling a circumferential 
deposition thickness distribution on a substrate includes a 
motor that rotates the substrate and a position sensor that 
senses a position of the substrate. At least one deposition 
thickness sensor senses the deposition thickness of the 
substrate at multiple positions on a circumference of a circle 
centered about an axis of rotation of the substrate. At least 
one controller drives a vapor source used to emit material for 
a deposition on a substrate. The at least one controller is 
coupled to the position sensor and the deposition thickness 
sensor. The controller synchronously varies an emission rate 
of material from the vapor source with respect to the position 
of the substrate to control the circumferential deposition 
thickness distribution. 
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SYSTEM AND METHOD FOR detailed description given below, serve to explain features of 

CONTROLLING DEPOSITION THICKNESS the invention. In the Drawings: 

BY SYNCHRONOUSLY VARYING A FIG. 1A is a schematic diagram of the system for per- 

SPUTTERING RATE OF A TARGET WITH forming vapor deposition using circumferential thickness 

RESPECT TO A POSITION OF A ROTATING 5 contro i according to the present invention; 

SUBSTRATE pjQ j s a diagram of a substrate showing the sensing 

of deposition thickness at multiple positions on the circum- 
ference of a substrate, wherein the circumference corre- 

The present invention is directed generally to novel sponds to a circle centered about an axis of rotation of the 

systems and methods for performing sputter deposition, and 10 substrate, according to the present invention; 

to optical devices manufactured using such systems and FIG. 2 is a schematic diagram of an alternate embodiment 

methods. of the system for performing vapor deposition using cir- 
cumferential thickness control according to the present 

BACKGROUND OF THE INVENTION ^ invention; 

It is believed that in vapor deposition systems such as ion FIG. 3 is a schematic diagram of the system for perform- 

beam sputtering, magnetron sputtering, diode sputtering, ing vapor deposition using a pulse control scheme and a film 

thermal evaporation, electron beam evaporation, pulsed thickness monitor according to the present invention; 

laser vaporization and cathodic arc vaporization, atoms or FIG. 4 is a schematic diagram of an alternate embodiment 

molecules ejected from a target are directed toward a sub- 20 of the system for performing vapor deposition using a pulse 

strate disposed on a wafer where they condense to form a control scheme and an optical monitor system controller 

film. In most cases, the deposited film shows variation in according to the present invention; 

thickness across the wafer thai the user would like to FIG. 5 is a schematic diagram of an alternate embodiment 

eliminate (for uniform deposition) or control (thickness of the system for performing sputter deposition using a pulse 

gradient) to meet the needs of a particular application. It 25 con trol scheme, a target power supply and an optical moni- 

would be beneficial to provide a system that improves tor system controller according to the present invention; 

control of the deposition thickness on a wafer. FIG. 6 is a flow diagram showing the steps of monitoring 

SUMMARY OF THE INVENTION and controlnn g me P ulse train output of the position sensor 

by the process controller to control the deposition thickness 

The present invention is directed to a system and method 30 of the substrate according to the present invention; 

for controlling a circumferential deposition thickness distri- p IG . 7 is a flow diagram showing the steps of monitoring 

bution on a substrate. A motor rotates the substrate and a and cori t ro uing the RPM of the motor drive of the substrate 

position sensor senses a rotary position of the substrate. At by me proce ss controller to control the deposition thickness 

least one deposition thickness sensor senses the deposition 0 f me su bstrate according to the present invention; and 

thickness of the film on the substrate at multiple positions on FIQS 8A ^ gB ^ an ^ ^ formed usi tfae 

a circumference of a Circle centered about an a X1 s of rotation ms ^ fflethods of ^ ( inv6ntion . 

of the substrate. At least one controller drives a vapor source 

used to emit material for deposition on the substrate. The DETAILED DESCRIPTION OF THE 

controller is coupled to the positioning sensor and the _ PREFERRED EMBODIMENTS 
deposition thickness sensor. The controller synchronously 
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varies an em'isslon ateofSs materiallrom the vapor source . There is sh ° w ? in FIG ' f s y stenl 10 , for . controlling a 
with respect to the rotary position of the substrate to control circumferential deposition thickness distribution on a sub- 
file circumferential deposition thickness distribution. st ™ te 12 ' * motor 14 rotates the substrate 12 about axis 100, 
.... , . . and a positioning sensor 16, generally a rotary shaft encoder, 
In accordance with a further aspect, the present invention 4J senses & rQ ^ q( ^ substrat6 n ^ rf 

is directed to a system and method for controlling a circum- ^ M ^ Qm d ition ihicknGSS sensor 18 

ferential deposition thickness distribution on a substrate. A senses (he d ilion thickness of fllm material 13 deposited 

motor rotates the substrate and a positioning sensor senses a Qn ^ M&t& n a( ^ ^ ^ „ (showQ ^ RQ 

rotary position of the substrate. At least one deposition 1B) Qn a circumference of a circle centered about an axis 

thickness sensor senses the deposition thickness of the film 5Q m rf rota(ion ^ substra(e n Mth h in the embodiment 

on the substrate at multiple positions on a circumference of & subsln{Q u fa [q &h ^ ^ understood 

a circle centered about an axis of rotation of the substrate. A ^ & n m wag or some other shape could 

target power supply drives a target used to sputter material alsQ be used ^ tfae t inventioa A source 

on the substrate. A process controller is coupled to the controller 20 drives a vapor source 22 . The vapor source 22 

positioning sensor the deposition thickness sensor, and the SJ creates a fluxplume u that is disposed proximate the 

target power supply. The process controller synchronously substrafe n The flux lum6 u con(ains material 15 

varies a sputtering rate of the target with respect to the rotary for d ition Qn the substrate u as d ited mm matedal 

position of the substrate to control the cucumferential depo- ^ The source be fa a (ag ghown 

sition thickness distribution. jn plQ g) ^ ig sputtered ^ Mgh enwgy ions> g solid 

The invention also includes an optical filter created using 6Q charge thal evaporates as it is heated, or a chemical vapor 

the disclosed system and method. deposition source. A process controller 24 is coupled to the 

BDTEcnncrDiDTinM nr? -futj nro awtmi-c motor 14 > the shaft 6ncoder l g > me deposition thickness 

BRIEF DESCRIPTION OF THE DRAWINGS sensQr ^ ^ ^ ^ &omc& 2Q ^ 

The accompanying drawings, which are incorporated embodiment shown in FIG. 5, the vapor source controller 20 

herein and constitute part of this specification, illustrate 65 and the vapor source 22 may be a target power supply 20a 

presently preferred embodiments of the invention, and, that drives a target 22a that is used to sputter material 15 on 

together with the general description given above and the the substrate 12. 
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In the embodiment of FIG. 1, the process controller 24 is decrease the deposition rate of material 13 along any given 
coupled to a filni thickness monitor 23. It should be recog- circumferential (or azimuthal) section of substrate 12 by 
nized by those skilled in the art that the functions of the simply slowing down/speeding up the rotation rate of sub- 
process controller 24 and film thickness monitor 23 may be strate 12 as the given circumferential (or azimuthal) section 
combined into a single controller. The film thickness moni- 5 passes closest to vapor source 22 during rotation of the 
tor 23 is further coupled to one or more deposition thickness substrate. Alternatively, in cases where a constant rotation 
sensors 18 (only one of which is shown in FIG. 1) and one rate is desired, process controller 24 can vary the deposition 
or more probe beams sources 25 (only one of which is rate of material 13 at any given circumferential section of 
shown in FIG. 1), each of which corresponds to one of the substrate 12 by increasing/decreasing the rate of material 
deposition thickness sensors 18. Probe drive signals are fed 10 emitted from source 22 as the given circumferential section 
into each probe beam source 25 by the film thickness passes closest to vapor source 22. It will be understood by 
monitor 23. Beams generated by each probe beam source 25 those skilled in the art that the deposition rate at any given 
are reflected or scattered from the substrate and then sensed circumferential section of substrate 22 can therefore be 
by a corresponding one of the deposition thickness sensors varied by either adjusting the rate of emissions from source 
18. Sensor signals (having values related to the deposition 55 22, the speed of rotation of substrate 12, or combination 
thickness on the substrate or the thickness of the substrate in thereof, as the given circumferential section passes closest to 
combination with any deposited material) from each depo- vapor source 22 during each of its rotations, 
sition thickness sensor 18 are fed into the film thickness A second embodiment of a system 200 for controlling a 
monitor 23. Thickness data from the film thickness monitor deposition thickness on a substrate 12 is shown in FIG. 2. 
23 is then fed into the process controller 24 in order to 2 o The system 200 is identical to system 10 as described in FIG. 
monitor the deposition thickness of material 13 on the 1A, with the exception that the process controller 24 is 
substrate. In one embodiment, the process controller 24 coupled to an optical monitoring system controller 30. One 
associates the thickness data provided by film thickness or more lasers 32 (only one of which is shown in FIG. 2) are 
monitor 23 with rotary positioning data from the shaft driven by the optical monitoring system 30. One or more 
encoder 16 in order to map the deposition thickness data to 2 5 detectors, 34 (only one of which is shown in FIG. 2) sense 
spatial positions on a circumference of substrate 12 during the output of each laser 32 after passage of an output beam 
operation of system 10. through substrate 12. Each detector 34 feeds a sensor signal 

In one embodiment, each probe beam source 25 generates into the optical monitoring system controller 30 in order to 
a probe beam that strikes multiple positions 19 on a circum- monitor the deposition thickness of material 13 on the 
ference of a circle centered about axis 100 as substrate 12 30 substrate, in a manner substantially analogous to the system 
rotates. This is accomplished, for example, by aiming the shown in FIG. 1. However, in the system of FIG. 2, the 
probe beam source at a fixed position in space corresponding process controller 24 also provides a vapor-emitted signal 
to a fixed distance from axis 100, and then generating a that represents the quantity of deposited material on the 
probe beam targeted at the fixed position periodically as the substrate 12 to controller 30. The vapor emitted signal is a 
substrate 12 rotates. By generating the probe beam targeted 35 time varying signal that represents the magnitude of material 
at the fixed position two or more times during each rotation emitted from vapor source 22 during each of a plurality of 
of the substrate, the present invention is able to sense the time segments in which system 200 is operating. In the 
deposition thickness of material 13 at multiple positions 19 embodiment discussed below in FIGS. 3-4, the vapor- 
on a circumference of a circle centered about axis 100 during emitted signal represents a count of a number of pulses 
rotation of the substrate. It will be understood by those 40 provided to the vapor source controller 20 in order to drive 
skilled in the art that, by using multiple probe beam sources vapor source 22. The sum of pulses in the vapor emitted 
25 such as the one described above, wherein each of the signal over a given time provides a parameter that is 
probe beam sources 25 generates a probe beam targeted at proportional to the thickness of the material 15 deposited as 
a different fixed position that is at a different distance from film 13 on the substrate 12 over the given time. A constant 
axis 100, the present invention is able to sense the deposition 45 exists between the number of pulses provided to vapor 
thickness of material 13 at multiple positions on the circum- source controller 20 over a given time and the total thickness 
ference of a plurality of different circles (each having a of material deposited on the substrate during the given time, 
different radius from axis 100) during rotation of the sub- The constant (which corresponds to the thickness of material 
strate 12. Rotary position data from shaft encoder 16 is fed deposited on the substrate for each pulse provided to the 
into the process controller 24 and associated with each so vapor source controller) is determined by dividing the 
deposition thickness measurement. thickness value provided by the sensor signal at the end of 

In response to the mapped deposition thickness data the given time by the total number of pulses in the vapor 

derived from the signals from thickness monitor 23 and shaft emitted signal during the given time. Controller 24 uses this 

encoder 16, process controller 24 varies the deposition rate proportionality constant to predict the number of pulses that 

of the emitted material 15 from the vapor source 22 syn- 55 need to be applied to the vapor source controller in order to 

chronously in accordance with the rotary position of the reach a desired deposition thickness during operation of the 

substrate 12. As shown in FIG. 1, vapor flux plume 11, with device, thereby preventing the deposition thickness from 

its depositable material 15, is divergent and is not aimed in exceeding the target thickness as a result of overshoot 

an axi-symmetric fashion at substrate 12. Such flux may be resulting from feedback control. 

formed, for example, by directing an ion current at a given 60 A third embodiment of a system 300 for controlling a 

position on a planar target that is not coaxial with the deposition thickness on a substrate 12 is shown in FIG. 3. 

substrate. As a result, as seen in FIG. 1A, the deposition rate The system 300 is substantially identical to system 10 as 

of material 15 onto film material 13 on substrate 12 will be described in the first embodiment. In the system of FIG. 3, 

higher for portions of the substrate that are closer to the a rotary position/system time base signal (e.g., a pulse train 

vapor source 22, and lower for portions of substrate 12 65 output) is generated by the shaft encoder 16. The process 

positioned farther away from vapor source 22. As a result of controller 24 uses the thickness data (described above in 

this geometry, process controller 24 is able to increase/ connection with FIG. 1) and the pulse train output to vary the 
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emission rate of material vapor source 22. In this 24 to control the deposition thickness of material 13 on the 

embodiment, the pulse train output of the shaft encoder 16 substrate according to the present invention. In step 710, a 

is modified by the process controller 24 to generate the layer of material is deposited in an ongoing deposition on the 

signal used to vary the emission rate of the vapor source. In substrate 12 during rotation of the substrate. As the substrate 

particular, the process controller 24 in essence uses the pulse 5 12 rotates to a trigger angle in step 720, the thickness at that 

train from the shaft encoder 16 as the default signal for angle is read and then stored in the memory of the process 

driving vapor source controller 20, but the process controller controller (step 730). The process controller compares the 

omits pulses from the pulse train sent to the vapor source stored thickness with a predetermined desired thickness in 

controller in order to vary the emission rate from vapor step 740. If the stored thickness is less (or greater) than a 

source 22. Since, in this embodiment, the emission rate of predetermined desired thickness, then the substrate rotation 

material from vapor source 22 is directly proportional to the speed is modified such that the rotation speed decreases in 

number of pulses received by vapor source controller 20 step 750 (or increases in step 760) when the circumferential 

during a given time segment, the omission of pulses from the portion of the substrate corresponding to the film thickness 

signal provided to the vapor source controller during any measurement is in position close to the vapor source (or 

given time segment will serve to decrease the emission rate s target). The process is repeated until processing of a given 

of material 15 from the vapor source during such time layer of material 13 is complete. 

segment. It should be recognized by those skilled in the art a method for controlling a deposition thickness on a 

that the process controller 24 may vary the emission rate of substrate 12 using the system shown in FIG. 1, will now be 

the vapor source 22 by varying a duly cycle, an amplitude, described. The method comprises the steps of rotating a 

a frequency or any combination thereof, of the pulse train 20 substrate 12 with a motor 14 and sensing an angular position 

signal provided to vapor source controller 20. 0 f t h e substrate 12 with a shaft encoder 16. At least one 

A fourth embodiment of a system 400 for controlling a deposition sensor 18 senses the deposition thickness of the 

deposition thickness on a substrate 12 is shown in FIG. 4. film 13 on substrate 12 at multiple positions on a circum- 

The system 400 is identical to system 300 as shown in FIG. ference of a circle centered about the axis 100 of rotation of 

3, with the exception that the optical monitoring system 25 the substrate. At least one process controller 24 drives a 
controller 30, the laser 32, and the detector 34 as shown in vapor source 22 used to emit material 15 for deposition on 
FIG. 2 and as described in the second embodiment are the substrate 12. The process controller 24 is coupled to the 
employed. In addition, an optical monitor system trigger motor 14, the shaft encoder 16, the vapor source controller 
signal (OMS trigger) is fed from the process controller 24 to 20, and the deposition thickness sensor 18. The process 
the optical monitor system controller 30. The OMS triggers 30 controller 24 synchronously varies the vapor flux rate of the 
measurements by each laser 32 at multiple points (e.g., emitted material 15 with respect to the angular position of 
positions 19) along a single circumference of the substrate the substrate 12 to control the deposition thickness of film 13 
12 during rotation of the substrate. A further variation to this around a circumference of the substrate. 

embodiment shows a coupling of the vapor source command The system and process described above may be advan- 

pulse train signal to optical monitoring system 30. Since the 3S tageously used to create an optical filter 35, as shown in 

vapor source command pulse train signal is proportional to piQS. 8A, SB when light including k A \ z is directed at filter 

the quantity of material emitted from vapor source 20 during 35, % A -% L and X N X z is reflected and K M passes through the 

any given time segment, the vapor source command pulse n i ter . when the pesent invention is used to form an optical 

train signal may be used (as described above in FIG. 2) to fii ter 35, the substrate 12 is preferably formed of a glass 

generate the thickness data supplied to process controller 24. 40 wa fier, the material deposited on the substrate is alternating 

A fifth embodiment of a system 500 for controlling a layers of tantalum oxide and silicon oxide, and the thickness 

deposition thickness on a substrate 12 is shown in FIG. 5. of the material deposited on the substrate is low-order 

The system 500 is identical to system 400 as shown in FIG. multiples and/or fractions of the optical thickness at the 

4, with the exception that a target 20a and a target power wavelenth of light that the filter will serve to isolate. The 
supply 22a are used in place of the more generic vapor 45 filter 35 may be used in the form deposited or it may be 
source 20 and vapor source controller 22 shown previously. further processed by sawing, grinding, trimming, back- 
Referring now to FIG. 6, there is shown a flow diagram thinning, polishing, mounting, bonding or other means to 

detailing the steps of a method 600 for monitoring film incorporate the filter into an optic assembly. It will be 

thickness and controlling the pulse train output of the evident to practioners of the art that substrates other than 

position sensor 16 by the process controller 24 to control the 50 glass may be used, that smaller substtrate pieces may be 

deposition thickness on the substrate. In step 610, a layer of attacthed to the wafer 12 for deposition of the filters on the 

material 13 is deposited in an ongoing deposition on the smaller pieces, that deposited materials other than tantalum 

substrate 12 during rotation of the substrate. As the substrate oxide and silicon oxide could be used for the filter, as long 

12 rotates to a trigger angle in step 620, the thickness at that as the refractive index contrast was sufficiently large, and 

angle is read and then stored in the memory of the process 55 that a variety of differing optical stack designs might be 

controller (step 630). If the stored thickness is less(or employed to create a filter. 

greater) than a predetermined desired thickness (step 640), It will be appreciated by those skilled in the art that 

then the pulse train output to vapor source controller 22 is changes could be made to the embodiments described above 

modified such that the vapor emission rate increases in step without departing from the broad inventive concept thereof. 

650 (or decreases in step 670) when the circumferential go For example, although several individual controllers are 

portion of the substrate corresponding to the film thickness shown in various embodiments, it will be understood that the 

measurement is in position close to the vapor source (or functions of such multiple controllers could be performed by 

target). Once the predetermined thickness of the layer is a single controller. It is understood, therefore, that this 

reached, then pulsing is stopped. invention is not limited to the particular embodiments 

Referring now to FIG. 7, there is shown a flow diagram 65 disclosed, but is intended to cover modifications within the 

detailing the steps of a method 700 for monitoring and spirit and scope of the present invention as defined in the 

controlling the RPM of motor drive 14 by process controller appended claims. 
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What is claimed is: 

1. A system for controlling a circumferential deposition 
thickness distribution on a substrate comprising: 

(a) a motor that rotates the substrate; 

(b) a position sensor that senses a rotary position of the 
substrate; 

(c) at least one deposition thickness sensor that senses the 
deposition thickness of the substrate at multiple posi- 
tions on a circumference of a circle centered about an 
axis of rotation of the substrate; 

(d) a target power supply that drives a target used to 
sputter material on the substrate; 

(e) a process controller coupled to the position sensor, the 
at least one deposition thickness sensor, and the target 
power supply; and 

(f) wherein the process controller synchronously varies a 
sputtering rate of the target with respect to the rotary 
position of the substrate to control the circumferential 
deposition thickness distribution. 

2. The system of claim 1, wherein the at least one 
deposition thickness sensor is an optical sensor. 

3. The system of claim 1, wherein the deposition thickness 
is determined by the process controller in response to an 
output of the at least one deposition thickness sensor and a 
target bias signal that is proportional to the sputtering rate. 

4. The system of claim 1, wherein the process controller 
varies the sputtering rate by varying a target bias signal. 

5. The system of claim 4, wherein the process controller 
modifies a pulse train output by the position sensor to 
generate the target bias signal which changes a deposition 
rate on the substrate when a portion of the rotating substrate 
proximate the target has a deposition thickness that requires 
modification to match a desired deposition thickness. 

6. The system of claim 5, wherein the pulse train output 
by the position sensor is modified by the process controller 
to generate the target bias signal by adding or omitting 
pulses from the target bias signal. 

7. The system of claim 1, wherein the process controller 
varies the sputtering rate by varying a duty cycle of a target 
bias signal. 

8. The system of claim 1, wherein the process controller 
varies the sputtering rate by varying an amplitude of a target 
bias signal. 

9. The system of claim 1, wherein the process controller 
varies the sputtering rate by varying a frequency of a target 
bias signal. 

10. A method for controlling a circumferential deposition 
thickness distribution on a substrate, the method comprising 
the steps of: 

(a) rotating the substrate with a motor; 

(b) sensing a rotary position of the substrate with a 
position sensor; 

(c) sensing the deposition thickness of the substrate at 
multiple positions on a circumference of a circle cen- 
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tered about an axis of rotation of the substrate with at 
least one deposition thickness sensor; and 
(d) synchronously varying a sputtering rate of a target 
with respect to the rotary position of the substrate, in 
response to outputs of the position sensor and the at 
least one deposition thickness sensor, to control the 
circumferential deposition thickness distribution on the 
substrate. 

10 11. A system for controlling a circumferential deposition 
thickness distribution on a substrate comprising: 

(a) a motor that rotates the substrate; 

(b) a position sensor that senses a rotary position of the 
substrate; 

15 (c) at least one deposition thickness sensor that senses the 
deposition thickness of the substrate at multiple posi- 
tions on a circumference of a circle centered about an 
axis of rotation of the substrate; 

20 (d) at least one source controller thai drives a vapor source 
used to emit material for deposition on the substrate, 
said at least one source controller being coupled to the 
position sensor and the at least one deposition thickness 
sensor; and 

25 (e) wherein the at least one source controller synchro- 
nously varies an emission rate of material from the 
vapor source with respect to the rotary position of the 
substrate to control the circumferential deposition 
thickness distribution. 
30 12. The system of claim 11, wherein the at least one 
source controller comprises a vapor source controller that 
drives the vapor source, and a process controller coupled to 
the vapor source controller, the position sensor and the at 
least one deposition thickness sensor, wherein the process 
35 controller synchronously varies the emission rate of material 
from the vapor source with respect to the rotary position of 
the substrate to control the circumferential deposition thick- 
ness distribution. 
13. A method for controlling a circumferential deposition 
40 thickness distribution on a substrate comprising: 

(a) rotating a substrate with a motor; 

(b) sensing a rotary position of the substrate with a 
position sensor; 

4J (c) sensing the deposition thickness of the substrate at 
multiple positions on a circumference of a circle cen- 
tered about an axis of rotation of the substrate with at 
least one deposition thickness sensor; and 
(d) synchronously varying an emission rate of material 

50 from a vapor source with respect to the rotary position 
of the substrate, in response to outputs of the position 
sensor and the at least one deposition thickness sensor, 
to control the circumferential deposition thickness dis- 
tribution. 



